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ABSTRACT
Air-conditioning systems can often create noise in home 
or work environments that interferes with human activities. 
Duct silencers are one way of reducing the noise levels 
transmitted through the air-conditioning ducts. Duct 
silencers come in a variety of shapes and sizes. Depending 
on the silencer's characteristics, silencers affect the air 
flow and lower sound pressure levels to varying degrees.
The reduction in sound pressure level at a given 
location due to the placement of a duct silencer in the path 
of transmission between a sound source and a qualified sound 
chamber is known as insertion loss. Insertion loss 
measurements require a controlled testing environment. Once 
insertion loss data has been collected, the effectiveness of 
each silencer is known and the silencer can be compared with 
other duct silencers. In this manner the cost-effectiveness 
of duct silencers can be found for different needs and 
purposes.
Duct silencers must reduce sound levels enough to be 
noticed by the human ear. By placing the appropriate duct 
silencer in the air-conditioning duct system, sound levels 
in rooms where noise is a problem can be significantly 
reduced. Only through insertion loss measurements can the 
appropriate silencer be determined for the desired noise 
reduction.
This thesis involves the modification and qualification 
of the reverberation chamber in the Multi-Function Lab at 
the University of Nevada, Las Vegas, for the purpose of 
creating a controlled sound testing environment. It also 
involves the design and construction of facilities for 
making insertion loss measurements. The thesis concludes 
with the testing and analysis of five duct silencers.
iii
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1CHAPTER 1 
INTRODUCTION
Insertion loss is the reduction in sound pressure level, in 
decibels, at a given location due solely to the placement of a 
sound-attenuating device in the path of transmission between the 
sound source and the given location. The path of transmission in 
this study is within the test duct system. For a better 
understanding of the terminology used in this thesis, refer to 
"Definition of Terms" in Appendix A.
1.1 Statement of Purpose
The purpose of the project described in this thesis was to 
assemble the duct and fan system and the reverberation sound 
chamber for the purpose of making insertion loss measurements 
associated with duct silencers for heating, ventilating, and air 
conditioning (HVAC) ducts. The American National Standard 
SI.32-1980 (2) was the standard used for qualifying the 264 cubic 
meter reverberation chamber. The reverberation chamber provided a 
standard acoustical environment for measuring sound pressure 
levels and for the determining of sound power levels. ASTM E477- 
84 was the standard used as a guide for making the insertion loss 
measurements.(2)
The HVAC ducts used were 2 foot by 2 foot dual-wall 
insulated ducts that connect to the reverberation chamber. One 
duct allows air flow to enter the chamber and the other duct
allows air flow to exit the chamber. The dual-wall ducts minimize 
the sound lost through the walls (duct break-out) and helps keep 
environmental noise from entering the ducts (duct break-in). The 
reverberation chamber, fan rooms, and duct system are located in 
the Thomas T. Beam Engineering Complex, at the University of 
Nevada, Las Vegas.
1.2 Results of Literature Search
Copies of ANSI SI.32-1980 (discrete-frequency) and ANSI 
SI.31-1980 (broad band noise) were used to specify the procedures 
and requirements for qualifying the reverberation chamber.(2)
ANSI SI.31 was used as a reference guide and supplement to ANSI 
SI.32. Noise control literature was collected concerning 
insertion loss measurements and qualification of the 
reverberation chamber for discrete-frequencies. Articles were 
limited to those reverberation chambers that where comparable in 
volume to UNLV's chamber.
The literature for the qualification of the reverberation 
chamber was found in the September-October 1976 issue of "Noise 
Control Engineering".(10) It contained several articles that 
proved useful in the qualification process. "Effects of Source 
Position, Wall Absorption, and Rotating Diffuser on the 
Qualification of Reverberation Rooms," by J. Tichy, "Comparison 
of Microphone Traverse and Microphone Array for Determining Space 
Average Sound Pressure Level in a Reverberation Room," by Curtis 
I. Holmer and David Lubman, and "Recent Reverberation Room
Qualification Studies at the National Bureau Of Standards," by D.
S. Pallet, T. W. Bartel, and C. R. Voorhees, were the three most 
helpful articles. The articles provided insight into the problems 
encountered in qualifying sound chambers and provided possible 
solutions to solving these problems. One such example is the use 
of sound absorbing panels to minimize sound pressure variations 
at low frequencies. Another example is the use of a rotating 
diffuser to increase the scattering of low frequency sound 
energy. The information contained in these articles was used as a 
guide to avoid some of the problems encountered in qualifying 
other sound chambers.
A literature search in the UNLV library covering the last 
twenty years found only one journal and one conference report on 
the topic of insertion loss measurements and duct silencers. The 
journal was a NASA technical paper.(13) It involved research 
completed at the Ames Research Center in their seven foot by ten 
foot wind tunnel and was entitled, "A Study of Resonant-Cavity 
and Fiberglass-Filled Parallel Baffles as Duct Silencers". The 
paper was written by Paul T. Soderman and was published as an 
Avradcom Technical Report in April 1982. This report dealt with 
studying the construction and use of baffles as duct silencers.
It studied absorbent liners in cavities, resonant-cavity shape, 
baffle length, baffle thickness, perforated skin porosity, 
perforated skin thickness, wind effects, flow-induced tones, 
mylar membrane in fiberglass baffles, and pressure drop. While 
this thesis was not concerned with the actual construction of
duct silencers, a review of the conclusions made in the NASA 
research paper can provide a better understanding of the 
importance and possibilities for further research created by the 
work reported in this thesis. The report concluded that the 
resonant-cavity parallel baffles had acoustical performance 
similar to the silencers constructed of fiberglass-filled 
baffles. The study showed that foam liners improved sound 
attenuation and that rectangular cavities generated tones at 
lower air flow speeds than triangular cavities. Variable depth 
cavities with triangular cross sections gave better sound 
attenuation than constant-depth, rectangular cross-section 
cavities. A 2 to 3 dB attenuation improvement resulted with an 
increase in baffle length. Insertion loss increased with duct 
blockage. Open skin areas of 2.6% gave better sound attenuation 
at low frequencies and of 4.9% gave better attenuation at mid 
frequencies and high frequencies. A mylar membrane between the 
fiberglass and the perforated skin caused a decrease in sound 
attenuation. The last finding in the report dealt with the 
pressure drop. The pressure drop across the silencers ranged from 
0.34 to 1.62 in. H20, depending on duct blockage, baffle length 
and baffle type.
The conference report was entitled, "Use of Model Testing in 
the Development of Special Silencers".(4) It was published by 
Noise Control Foundation in 1986. The report was written by 
Martin Hirschom and David Collings. The paper dealt with the 
modeling of large duct silencers for the purpose of optimizing
their design and to show compliance with specifications before 
fabrication begins. The article supported the use of laboratory 
scaled-down models for pre-testing large duct silencers. This 
type of testing can protect the manufacturer, as well as the 
user, from expensive repairs and changes to the system. Some of 
the factors that have an affect on noise measurements on 
installed duct silencers can be duplicated and analyzed with 
suitable laboratory sized models and appropriate performance 
specifications.
The fan rooms, duct system, and reverberation chamber at 
UNLV provided a good laboratory setup for making insertion loss 
measurements. However, in order to qualify the sound chamber for 
taking sound measurements, it had to have certain acoustical 
properties. Acoustical sound absorbers, a rotating diffuser, and 
a microphone traverse had to be used to get the sound chamber to 
meet the requirements specified in ANSI Standard SI.32-80.
At low frequencies, large spatial variations in the sound 
pressure levels associated with sound radiated from a sound 
source can lead to errors in the determination of sound power. 
Sound absorbers can increase the overall room absorption and, 
thus, minimize these errors. This, in turn can result in smaller 
variations of the sound pressure levels that are associated with 
the sound radiated from a sound source at low frequencies.
Measuring the sound field at a limited number of spatial 
points can cause errors in the determination of sound power. This 
creates insufficient sampling of the reverberant portion of the
sound field. A circular microphone traverse adds to the accuracy 
of the measurements by making it possible to sample the sound 
field at various locations.
A rotating diffuser is another device that aids in the room 
qualification, as well as, in the insertion loss measurements.
The diffuser was a truncated aluminum cone with 50% of its 
surface area covered. It increased the scattering of low 
frequency sound energy and minimized the presence of standing 
waves, reducing the spatial variations in sound pressure levels 
in the reverberation chamber.
1.3 Justification of Project
Unwanted sound can be an environmental problem that can 
interfere with human activities and, in extreme cases, can damage 
the hearing mechanism. The range of human hearing is between 16 
Hz and 20,000 Hz, the speech intelligibility range is between 600 
Hz and 4,800 Hz, and the speech privacy range is between 250 Hz 
and 2,500 Hz.(12) In many work or home environments, the sound 
generated by the HVAC system may be undesirable. It can interfere 
with work productivity, with speech intelligibility, or with 
relaxation by creating noise that contributes to raising the 
overall sound levels in the room to unacceptable limits. The 
purpose of duct silencers is to attenuate the sound transmitted 
through the HVAC ducts. This helps to lower the sound levels 
created by the HVAC system, as well as, to lower the overall 
sound levels in the room(s) where the sound may be a problem.
7Duct silencers must be cost effective. They must reduce the 
sound levels by an amount that is detectable by the human ear. A 
controlled testing environment is essential for making accurate 
insertion loss measurements. Only through these measurements can 
the effectiveness of each duct silencer be determined. This is 
why the qualification of the reverberation room is necessary for 
making insertion loss measurements. Standard ANSI SI.32-80 
provides the guidelines for creating the controlled testing 
environment.
Duct silencers come in a variety of shapes, sizes and 
materials. Each silencer affects the air flow in a different way, 
and some silencers are more effective than others in reducing 
sound levels. Generally, there is a trade-off between good noise 
reduction and low pressure drop across a duct silencer. The only 
way to learn about the pressure drop and noise reduction 
associated with each silencer is through research by means of 
insertion loss measurements.
Only one other facility exists in the United States, the ETL 
Testing Laboratories in New York, that is capable of making 
insertion loss measurements. Since manufacturers of duct 
silencers generally do not share their results with other 
silencer manufacturers, there is not much available information 
relative to the design of duct silencers in the open literature. 
The acoustical facility reported in this thesis provides a 
facility for research in the areas of duct silencer construction 
and performance. It will be the only university facility of its
kind and the only non-proprietary facility available for 
conducting research in the area of HVAC duct acoustics.
9CHAPTER 2 
REVERBERATION ROOM QUALIFICATION
The qualification procedures for the reverberation 
chamber were specified by ANSI SI.32-1980 and ANSI SI.31- 
1980. The procedures involved controlled measurements of the 
sound pressure levels using a sound source with known 
characteristics. The sound source radiated sound at single 
frequencies and therefore needed the sound field to be 
measured at a sufficient number of points. The reverberation 
chamber needed to have sufficient wall absorption and a 
rotating turning vane to help qualify the chamber. The 
reverberation room required alterations before room 
qualification standards could be met. The sound absorbers on 
the reverberation chamber wall were fine, but the turning 
vane, as initially installed, and microphone traverse, as 
originally specified, were not adequate for the 
qualification of the sound chamber.
2.1 Sound Absorbers
The reverberation chamber at UNLV had very hard walls. 
The literature available on the subject suggested that 
reverberation chambers with hard walls would be difficult to 
qualify at low frequencies. The qualification of other 
reverberation chambers comparable in size to the
10
reverberation chamber at UNLV have shown that increasing the 
sound absorption of the chamber at low frequencies aids in 
qualifying the chamber at low frequencies.(10)
Sound pressure levels associated with the sound power 
radiated by the sound source can vary with frequency, the 
sound source, and the microphone positions in the 
reverberation chamber. These variations in sound pressure 
levels can be quite large at low frequencies, making it 
difficult to measure accurate average sound pressure levels 
in the room. The addition of sound absorbers results in 
smaller variations of sound pressure levels. In order for 
sound absorbers to be effective, they must reduce the 
reverberation time in the sound chamber by a minimum of 50% 
in the 100 Hz, 125 Hz, and 160 HZ 1/3 octave bands. The 
reverberation time is the average time required for the 
sound pressure level to decay sixty decibels. Air absorption 
and the increase of wall absorption with frequency causes 
the reverberation time of the room to be high at low 
frequencies. A few absorbers distributed randomly over the 
chamber walls will usually be sufficient to achieve the 
desired absorption coefficient at low frequencies.(10)
As part of a senior design project completed by Richard 
A. Washburn in 1989, seven sound absorbers were built and 
mounted on various walls of the reverberation chamber.(18) 
The reverberation time test, conducted by Richard Washburn, 
with and without the sound absorbers in the reverberation
11
chamber showed that a 65.2% reduction in reverberation time 
was achieved, as shown in Figure 2.1. Since the existing 
sound absorbers in the reverberation chamber were reducing 
the reverberation time by more than 50% in the 100 Hz, 125 
Hz, and 160 Hz 1/3 octave bands, no changes needed to be 
made to the sound absorbers.
2.2 Turning Vane
The magazine "Noise Control Engineering" suggests that 
when a large turning vane is used in combination with low 
frequency sound absorbers, the qualification of the 
reverberation chamber is much more likely.(10) A large 
turning vane is more efficient at low frequencies than small 
turning vanes. The efficiency of the turning vane greatly 
increases at middle and high frequencies. A turning vane is 
essential in qualifying a reverberation chamber for discrete 
frequency measurements at low frequencies.
The turning vane in the reverberation chamber at UNLV 
is a sound diffuser that increases the scattering of low 
frequency sound energy and improves spatial averaging. It 
reduces the spatial variations in sound pressure levels in 
the reverberation chamber. The turning vane is a truncated 
aluminum cone that has fifty percent of its surface covered 
with an aluminum skin. The skin consists of twelve aluminum 
diffuser panels placed side by side in groups of six with 
the two groups opposite each other on the turning vane. To
12
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minimize vibrations in the aluminum skin that could amplify 
the sound waves and interfere with sound measurements, 
damping material was added. The vibration absorbing material 
was cut into pieces of various size, as shown in Figure 2.2, 
and was placed on the underside of each diffuser panel, 
covering forty-five percent of the total surface area of the 
aluminum skin. There were twelve damping material pads and 
twelve diffuser panels in all. This minimized any 
amplification of the sound waves associated with the turning 
vane.
The motor and gears that turned the turning vane were 
fixed to a single frame on the outer top portion of the 
sound chamber. The vibrations created by the motor were 
being transmitted from motor to pulleys to the turning vane 
shaft and, thus, created noise in the chamber. To minimize 
the noise entering the chamber through the turning vane 
shaft, rigid frames were constructed to support the motor 
and each pulley separately. Each support frame was then 
fixed to the multi-function lab ceiling immediately above 
the sound chamber. This kept the motor and gears from having 
direct contact with the chamber and reduced the noise that 
was transmitted into the sound chamber by the turning vane 
to acceptable limits.
The literature suggests that the turning vane should 
turn around at least once during the signal-averaging time. 
For this project the turning vane rotated at two revolutions
14
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per minute. This speed was based on practical considerations 
of mechanical safety, low flow-noise generation, and on the 
measurement averaging time of 30 seconds.
2.3 Microphone Boom Assembly
In general, the qualification of a reverberation 
chamber is more difficult at low frequencies. This means the 
measuring of the reverberant field must be more accurate at 
low frequencies. One way of measuring the reverberant field 
in the reverberation chamber is to have stationary 
microphones strategically placed throughout the chamber. 
Another method of sampling the reverberant field is by 
moving one or two microphones along a circular traverse.
This method increases the number of measured points with 
frequency, as long as, the circular path traversed by the 
microphone is fairly large. The stationary microphone system 
has the disadvantage of measuring constant points over the 
entire frequency range. Another disadvantage is the need for 
many microphones that must be calibrated and that are 
expensive. For this project the decision was made to use one 
microphone on the end of a boom that traversed a circular 
path.
At a specified frequency, the reverberation time, T, 
should be less than
T < (V * f2 / 4) * 106 (2.3.1)
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where T is the reverberation time in seconds, V is the 
chamber volume (m3) , and f is the frequency (Hz) under 
consideration.(10) The effectiveness of a system for 
determining the space-average of squared sound pressure may 
be quantified in terms of Neq, the equivalent number of 
statistically independent discrete samples of the sound 
field produced by the measurement system.(10) For a circular 
traverse,
Neq = 2 * C / X ; 2 * C / A >= 1 (2.3.2)
Neq = 1  ; 2 * C / 1 < 1
where C is the circumference of the traverse (m) and A is 
the wavelength (m). Table 2.1 shows the minimum number of 
statistically independent measurements points needed at each 
frequency for the set up in this thesis. In order to 
estimate the Neq required to satisfy the standards using 
only one sound source position,
Neq >= (1 / M) * (a2 - 1.26*105 / (a * f2)) (2.3.3)
. « • • • 2 •where a is the total absorption in metric sabms, a is the
normalized variance of sound power, f is the frequency of 
interest, and M is the rotating diffuser merit. M equals 2 
at frequencies between 100 Hz and 160 Hz, M equals 4 at 
frequencies between 200 Hz and 315 Hz, and M equals 8 at
17
Table 2.1 Statistically Independent Measurement Points
Frequency (Hz) Neq (number of measurement points)
50 1
63 1
80 1
100 2
125 2
160 3
200 3
250 4
315 5
400 7
500 8
630 11
800 13
1000 17
1250 21
1600 27
2000 33
2500 42
3150 53
4000 67
5000 83
6300 105
8000 133
10000 167
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frequencies higher than 400 Hz. One of the errors involved 
in the determination of sound power is caused by measuring 
the sound field at a limited number of spatial points. This 
causes insufficient sampling of the reverberant portion of 
the sound field. If the microphone makes a circular 
traverse, it is possible to sample the sound field at a 
variety of locations. This adds to the accuracy of the 
measurements. The estimated Neq should be used as a guide to 
the number of spatial points needed to qualify the 
reverberation chamber.
The reverberation room contains a sound diffuser that 
is allowed to rotate at various speeds. The turning vane can 
be positioned to work on the ceiling or on the floor. For 
this project the turning vane was positioned on the ceiling 
and allowed to rotate at a speed of two revolutions per 
minute.
A turning vane oscillating boom was designed to utilize 
the motion of the diffuser to make the microphone follow an 
inclined circular traverse path. Figures 2.3 and 2.4 show 
the designs for the turning vane oscillating assembly. The 
boom assembly consisted of a pneumatic wheel, two pulleys, 
an adjustable polyurethane transmission belt, a slider 
mechanism, a boom with counterweights and 6061T6 aluminum 
tubing attached to the turning vane two feet from its 
center.
The 12 inch pneumatic wheel followed a circular path
19
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with a diameter of four feet on the ceiling as the turning 
vane rotated. A 3.5 inch diameter pulley was attached to the 
pneumatic wheel and rotated with the wheel. The polyurethane 
transmission belt transmitted the motion from the 3.5 inch 
diameter pulley to the 13 inch diameter pulley located 114 
inches away. The pneumatic wheel, the 3.5 inch diameter 
pulley and the 13 inch diameter pulley were connected to a 
6061T6 aluminum tube 114 inches long and fixed to the 
turning vane in a vertical position. The 13 inch diameter 
pulley had a slider bolt attached to it 3 inches from its 
center. The slider bolt slid in a 8.5 inch horizontal slot 
cut in an 11 inch by 1.5 inch rectangular piece of plastic. 
The rectangular piece of plastic was fixed to the microphone 
boom. When the 13 inch diameter pulley rotated, the slider 
bolt moved the boom up and down as it slid in the slot. The 
boom itself was fixed to the turning vane center shaft at a 
pivot point close the counter weights. The counter weights 
offset the weight of the microphone and allowed the 
mechanism to work smoothly. The microphone was attached to 
the end of the boom opposite the counter weights 90 inches 
from the slider bolt and 113 inches from the turning vane 
shaft.
This mechanism allowed the microphone to rotate in an 
inclined circular path. The mechanism was mounted vertically 
to the turning vane in such a way that the 13 inch diameter 
pulleys, center point was 21 inches horizontal from the
22
center of the turning vane center-shaft and 7 inches below 
the boom-turning vane pivot point. This positioning allowed 
the microphone to move up and down once, traveling a 31.26 
inch vertical displacement for every revolution of the 
turning vane. The angle of microphone inclination was angled 
10 degrees relative to the horizontal plan in order to 
comply with ANSI SI.32 requirements.
2.4 Qualification Test Data
The following equipment was used for the discrete 
frequency qualification of the reverberation room: one 200 
watt loudspeaker; one Realistic model 32-2024 power 
amplifier; one Spectral Dynamics Corporation model SD104A-5 
sweep frequency oscillator; two ACO type 4012 (13 mm) 
microphones; one Spectral Dynamics Corporation model SD1012B 
two-channel tracking filter; and a two-channel Norwegian 
Electronics Type 830 real time analyzer (see Figures 2.5 and 
2.6). The 200 watt loudspeaker was positioned on the 
reverberation room floor a distance of 2.45 meters from the 
south wall and 2.77 meters from the east wall. The power 
amplifier was set at 2 volts. The sweep frequency oscillator 
supplied the qualification test tones. One of the 
microphones measured the loudspeaker output and the other 
microphone was mounted to the rotating microphone boom on 
the turning vane to measure the sound field. The Scan-Tec 
processed the microphone signals. The tracking filter
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allowed only a signal with a frequency of plus or minus 2.5 
Hz relative to the center frequency of the filter to pass 
through the filter. The turning vane rotated at 2 rpm for 
all the sound measurements.
The low frequency sound absorbers, the rotating turning 
vane with the sound absorbing pads attached, and the 
microphone boom assembly were used in the reverberation room 
qualification test. The sound field was measured with the 
rotating microphone. The near-field sound pressure levels 
and the reverberation room sound pressure levels were 
measured. Tables 1 through 18 in Appendix B contain the 
sound measurements taken for each test frequency.
2.5 Qualification Test Data Analysis
The standard deviation for each one-third octave band 
center frequency was calculated and the results were plotted 
on a graph with the ANSI SI.32 specified limits. The 
standard states that the standard deviations should be 
calculated after the loudspeaker's near-field pressure 
response influence has been removed. This' was accomplished 
by subtracting the near field sound pressure level, measured 
by the speaker microphone from the far field sound pressure 
level, measured by the microphone on the microphone boom 
assembly. The loudspeakers near-field response was measured 
in the reverberation chamber, as well as, in the anechoic 
chamber. As Table 2.2 and Figure 2.7 show, the near-field
26
Table 2.2 SPL standard deviations
frequency, (Hz) S.D. (anechoic) S.D. (reverb)
50 3.94 3.93
63 3.95 3.85
80 2.78 2.78
100 3.01 2.96
125 1.84 1.96
160 1.73 1.79
200 1.39 1.36
250 2.03 2.02
315 1.83 1.82
400 1.42 1.38
500 0.97 1.02
630 0.73 0.72
800 0.58 0.67
1000 0.63 0.79
1250 0.65 0.53
1600 1.41 1.13
2000 0.64 0.60
2500 0.88 0.98
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response of the loudspeaker was very close in both the 
anechoic and reverberation rooms.
The use of the two channel tracking filters made it 
possible to measure the sound pressure level associated with 
the microphone on the rotating microphone boom and the 
near-field sound pressure level response of the 
qualification loudspeaker at the same time. Usually, the 
speaker is qualified separately in an anechoic chamber. To 
check the accuracy of this new method, the loudspeaker was 
also qualified separately in the anechoic chamber and the 
standard deviations in sound pressure levels for the two 
methods were calculated. Figure 2.7 shows that the two 
methods gave similar results and were in close agreement.
The near-field normalization procedure for the loudspeaker 
was about the same for the near field measurements made in 
both the anechoic and reverberation chambers.
The sound pressure level standard deviations fell below 
the ANSI SI.32 limits, as shown in Figure 2.7. While the 
standard deviation of the 250 Hz 1/3 octave band center 
frequency slightly exceeded the specified'limit, the 
reverberation room easily qualified in all other 1/3 octave 
bands. The slight deviation at 250 Hz was probably due to a 
dip in the near-field response of the qualification 
loudspeaker. The purpose of the test was to qualify the 
sound chamber and not the loudspeaker. Therefore, the 
reverberation room was within the maximum allowable standard
29
deviations specified in the standards.
Several tests were conducted to see if the traverses of 
the microphone boom made any difference to the sound 
measurements. It was discovered that when the microphone 
boom was pointed toward the west wall of the reverberation 
room and was in its lowest position in its traverse, the 
standard deviations were lower. Before each frequency was 
tested, the microphone boom position was checked to make 
sure it was in its lowest position when it pointed toward 
the west wall of the sound chamber.
It is important to bear in mind that the qualification 
test not only qualified the sound chamber but also the room 
configuration. The combination of reverberation room, 
instrumentation, source location, and spatial sampling 
procedure became qualified, as a whole, for the study of 
sound pressure levels of discrete-frequency and narrow-band 
noise sources. The configuration of the reverberation 
chamber, when it was qualified, was with the turning vane 
rotating on the ceiling at two revolutions per minute, the 
microphone making one transverse for every revolution of the 
turning vane and at its lowest point in its traverse while 
pointing at the west wall of the chamber. The 200 watt 
loudspeaker was positioned on the floor 2.45 meters from the 
south wall and 2.77 meters from the east wall, and seven low 
frequency broad-band sound absorbers were placed on the 
chamber walls. In short, the reverberation room met the
qualifications set by the American National Standard 
SI.32-1980 and is now qualified to make insertion loss 
measurements.
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CHAPTER 3
DESIGN AND DEVELOPMENT OF ASTM E477 FACILITY
The supply air and exhaust air ducts, the associated 
fans, and the reverberation chamber in the Multi-Function 
Lab at the University of Nevada, Las Vegas, provided the 
necessary facilities for performing insertion loss 
measurements. The ducts, however, had to be redesigned to 
meet the test specifications made for the duct silencers 
tested in this thesis.
3.1 Facility
The ASTM E477 standard states that the test facility 
should consist of a fan room, signal source chamber, a 
reverberation room, and a length of straight duct to couple 
the fan room, the signal source chamber, and the 
reverberation chamber. The duct system should have a test 
section for inserting either a test specimen or a section of 
empty duct. Both the test specimen and empty duct segment 
should have the same interior cross-sectional dimensions and 
length.
3.1.1 Fan Room
The fan room consisted of two Joy, adjustable-pitch, 
variable-speed vane axial fans that were six feet in
diameter. The flow capacity of the fans was around 70,000 
cfm each with a total static pressure of 4 inches HzO. Both 
fans were powered by a 60 Hp variable frequency invertor. 
The capability of air flows ranged from 1,000 cfm to 70,000 
cfm. One fan was the supply air fan and the other fan was 
the exhaust air fan. The two fans were oriented so that the 
test the duct sections or silencers can be tested in both 
supply-air and exhaust-air configurations. The fans can 
operate in parallel or independently. The fans in this 
project were operated in parallel to prevent pressure build 
up in the reverberation chamber.
Between each fan and its corresponding duct sections 
were located two plenum chambers separated by a ten-foot 
silencer bank. The purpose of the plenum chambers and 
silencers was to minimize the amount of fan noise entering 
the duct. Figure 3.1 shows the fan room facility and how it 
relates to the rest of the duct system.
3.1.2 DUCtS
Figure 3.1 and 3.2 show the orientation of the ducts to 
the rest of the acoustical facilities and the elevation of 
the ducts with respect to the Multi-Function Laboratory and 
the other laboratory rooms. The duct system consisted of a 
supply air side and a exhaust air side. For each side, the 
duct that connected to the fan room was 4 foot by 4 foot 
dual wall duct. The 4 foot by 4 foot dual-wall duct
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converged to a 2 foot by 2 foot dual-wall duct over a length 
of ten feet. The ductfe between the fan room and the test 
section were dual-wall ducts with a 4.25 inch wall 
thickness. The ducts between the test section and the 
reverberation chamber were dual-wall ducts with a 2.25 inch 
wall thickness. The duct space between the duct walls was 
filled with fiberglass insulation to help minimize duct 
sound break-out and break-in. The test section was a single 
wall duct corresponding to the typical duct section used in 
HVAC systems.
The duct system was designed and constructed to prevent 
the sound inside the duct from the sound source from 
breaking out of the duct and to prevent sound outside the 
ducts from entering the ducts. The interior walls of the 
ducts were smooth non-perforated sheet metal. The length of 
the duct upstream of the test section was greater than five 
equivalent diameters from the entrance to the test section. 
The length of the duct downstream of the test section was 
greater than ten equivalent diameters from the exit of the 
test section. The upstream and downstream'ducts had a cross 
section of the same dimensions as the entrance and exit of 
the test section. The downstream duct terminated abruptly at 
the reverberation chamber wall. Figures 1 through 9 in 
Appendix C show the construction diagrams for the duct 
system.
The test section was ten feet in length and was the
36
space where duct silencers to be tested were placed. The 
test section either contained a length of single-wall, sheet 
metal duct equal in length to the duct silencer being tested 
or the duct silencer being tested. The duct silencers that 
were tested came in three, five, seven, and nine foot 
lengths. When the length of the duct silencer was less than 
ten feet, the space between the duct silencer and the 2.25 
inch dual-wall duct were filled with a 2.25 inch dual-wall 
duct spacer. The spacer ducts were the same construction as 
the rest of the 2.25 inch thick dual-wall duct segments but 
they were not ten feet long. Their length depended on the 
length of the duct silencer.
3.1.3 Sound Source
The initial sound source chamber was a ten-foot long, 
4.25 inch thick dual-wall duct with inside dimensions of 4 
feet by 4 feet. The duct supported three externally-mounted 
speaker canisters (Figure 3.3). The speakers and speaker 
canisters were supplied by Digisonix. The largest speaker 
was an 18 inch diameter sub-woofer, that was used for the 
frequency range of 40 Hz to 300 Hz. This speaker was mounted 
on top of the duct. The second speaker, which was mounted on 
the side of the duct, was a 10 inch diameter mid-range 
speaker. It covered the frequency range from 300 HZ to 2,500 
Hz. The final speakers were two tweeters and they were 
mounted on the other side of the duct. They covered the
37
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frequency range of 3,000 Hz to 12,000 Hz. Initially the 
speakers were located around 32 feet from the test section.
For the final series of tests the speaker canisters 
were moved from their initial position to the 10 foot 
section of 4.25 inch thick, 2 feet by 2 feet dual-wall duct 
that was directly adjacent to the test section. For this 
setup, the speakers were five feet from the test section.
3.2 Pressure Measurements
In order to measure the pressure drop across the test 
section and the velocity pressure upstream of the test 
section, piezometric rings and pitot tube rakes were used. 
The locations of these devices were chosen so that the air 
flow was constant and steady. Once the pitot tubes and 
piezometric rings were in place, the pressure transducers 
corresponding to each pressure measuring device had to be 
calibrated. An inclined manometer was used for this purpose.
3.2.1 Inclined Manometer
The inclined manometer shown in Figure 3.4 was the 
devise used to calibrate the pressure transducers. The test 
section was the section of the duct system where the duct 
silencer was placed. The inclined manometer was used because 
it was the most fundamental instrument utilizing the basics 
of fluid mechanics and capable of calibrating other devises. 
The manometer was designed to include both a vertical
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manometer and a fourteen degree inclined manometer. This 
provided a way to double-check the pressure calibrations. An 
inclined manometer was used because of its accuracy.
The composition of the manometer was: one four-foot 
glass tube; two two-foot glass tubes; three glass tees; one 
capped-glass bottle with a spout on the bottom; two shut-off 
valves; one four-foot rule in tenths of inches; one one-foot 
rule in tenths of inches; one two-foot by six-foot piece of 
plywood, and tygon tubing. The glass bottle with the spout 
acted as a reservoir to keep the manometer filled with 
water. The tygon tubing was used to make all connections.
3.2.2 Pressure Transducers
The static pressure ports for the pressure transducer 
were located eleven feet downstream and eleven feet upstream 
of the ten foot test section ends. For the piezometric ring, 
four holes were drilled, one in the middle of each side of 
the duct. A flared end copper tube was placed in each hole 
so that the flared end met flush with the inside wall 
surface. The rest of the copper tube extended through the 
duct wall and protruded a quarter of an inch so a 
compression washer and nut could fit on the end. The ends 
were connected to tees and copper tubing connected all the 
tees together. An extra tee was inserted in the copper 
tubing to provide the pressure measuring port for the 
pressure transducer or manometer. Both the downstream and
41
upstream pressure measuring ports were constructed the same 
way. This set up minimized disruption of the airflow in the 
ducts and provided a pressure measuring port upstream of the 
test section, as well as, a pressure measuring port 
downstream of the test section.
The static pressure ports were connected to the 
pressure transducer with tygon tubing. The pressure 
transducer was connected to a digital process indicator that 
provided the digital display of the pressure difference 
across the test section. The digital process indicator was a 
DP282 made by Omega Engineering, Inc. It was a 
microprocessor-based, intelligent digital panel meter with 
an operating temperature range between zero and fifty 
degrees Celsius and a relative humidity range between twenty 
and eighty percent. The DP282 receives its power from a 
PST-8 power supply made by Omega Engineering, Inc. The power 
supply had an output of between five and twenty-eight volts 
and ran on a power supply of between 105 and 125 volts AC. 
The pressure transducer was a PX164 also made by Omega 
Engineering, Inc. and measured pressure differences between 
zero and ten inches Hz0 with an accuracy of plus or minus 
.05 inches H20. Figure 3.5 shows the set up of the test 
section in relation to the static pressure measuring 
devices. The pressure measurement set up can be interfaced 
with a computer in the future.
Pitot tubes, connected to a pitot tube rake, were
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located ten and one-half feet upstream of the test section
ends on the supply and exhaust air ducts. The pitot tubes
were placed in the ducts next to the static pressure 
measuring ports upstream of the test section. Five pitot 
tubes were used to measure the dynamic pressure of the air 
flow within the duct system. The inside cross-sectional area 
of the duct was divided into five imaginary squares of equal 
area. A pitot tube was placed in each area. Each pitot tube 
was a .25 inch outer-diameter, thick-walled, stainless steel 
tube with a 90 degree bend, 2 inches from the end. The
lengths and positions of the pitot tubes were such that a
good sample of the air flow distribution was measured. An 
additional 4.25 inches was added to the length of each tube 
to account for the wall thickness of the duct. Another 1.75 
inches was then added to the length of each tube to provide 
enough tube length protruding outside of the duct to fix the 
tubes in place and to connect the pitot tubes to a common 
manifold. The manifold averaged the dynamic pressures of 
each pitot tube. The final lengths of the tubes were 8.625 
inches, 18.438 inches, 20 inches, 13.5 inches, and 30 inches 
with 2 inches being allowed for the bent-end of the pitot 
tube. Five holes were drilled in a vertical column into the 
side wall of the duct at positions 7.563 inches, 9.563 
inches, 16.063 inches, 22.563 inches, and 26.063 inches down 
from the outer top surface of the duct. A 5 inch long, .317 
inch inner-diameter tube with one end flared was slid into
each hole until the flared end met flush with the inside 
surface of the duct. The pitot tubes were then slid through 
the 5 inch tubes in such a way that each pitot tube was in 
its correct position. Rubber o-rings kept the pitot tubes 
centered in the flared tubes. The pitot tubes were held in 
place with a five hole bracket and set screws. The ends of 
the pitot tubes sticking out of the duct were then fastened 
to a manifold with special compression nuts that allowed for 
easy removal of the manifold when necessary. The manifold 
was a 0.5 inch inner-diameter tube that had five taped holes 
in a row on one side and one offset taped hole on the other. 
The compression nuts screwed into the taped holes in the 
tube, providing the connections for the pitot tubes and 
dynamic pressure port. The ends of the larger tube were 
closed with a bolt and silicon sealant to make the manifold 
air-tight. Silicon sealant was also used to seal the spaces 
between the pitot tubes, 4.5 inch flared tubes, and the 
inside duct wall where the five holes were drilled. The 
dynamic pressure port of the manifold was then connected to 
the high pressure side of the inclined manometer or pressure 
transducer with tygon tubing. Figure 3.6 shows the general 
pitot tube distribution and manifold set-up just described.
The static pressure port, next to the pitot tubes, was 
used in conjunction with the dynamic pressure port of the 
pitot tubes' manifold. The static pressure port was 
connected to the low pressure side of the incline manometer,
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or pressure transducer with tygon tubing, while the dynamic 
pressure port was connected to the high pressure side. This 
configuration provided the most basic and simple way to 
measure the air flow velocity pressure in the duct. A 
digital process indicator, pressure transducer, and power 
supply of the same model and make used for measuring the 
static pressure drop across the test section was used to 
measure the difference between the static pressure and the 
dynamic pressure of the pitot tubes assembly. Figure 3.7 
shows the general set up of the test section in relation to 
the pitot tubes measuring devices.
3.2.3 Calibration
The inclined manometer was used to calibrate the 
pressure transducers. The transducer was connected to the 
zero end of the inclined manometer so that they both were 
reading zero inches H20. The reservoir was filled a little 
at a time and the pressure readings of the inclined 
manometer were compared to the.readings of the digital 
process indicator. Equations 3.3.1 and 3.3.2 were used to 
calculate the initial scale and offset settings of the 
digital process indicator:
SCALE = (PISPLAY HIGH - DISPLAY LOKM (3.3.1)
(OUTPUT SPAN * METERS NATURAL GAIN)
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OFFSET = DISPLAY LOW - (SCALE * INPUT LOW) (3.3.2)
The natural gain of the pressure transducer was 100 CTS/V, 
the output span was the electronic output specification of 
the pressure transducer, and display high and display low 
were the desired readings at fullest and lowest scale. When 
the readings of the digital display differed from those of 
the incline manometer, the scale and offset were
recalculated and reset until the readings were consistent.
After several iterations, the digital process indicator 
pressure readings were within one-hundredth of an inch H20 
of the pressure reading on the incline manometer. After the 
calibration was completed, the final settings for the 
pressure transducer, measuring the pressure drop across the 
test section, of the digital process indicator were:
SCALE = 0.2465 
OFFSET = - 0.229 
HYS = 0
SP1 = 6000 TO -5000
SP2 = 6000 TO -5000
Before the pitot tube setup could be used, it had to be 
calibrated. A 28.25 inch traversing pitot tube with a 90 
degree bend 2 inches from one end was used for this purpose. 
The pitot tube was placed 18 inches down from the outside
49
top surface of the duct, 1.5 inches horizontally from the 
arrangement of the five pitot tubes, and was allowed to 
slide in a 4.5 inch lubricated sheath that was sealed with 
o-rings. The pitot tube was allowed to move across the air 
flow in the duct. The part of this pitot tube that stuck 
outside of the duct wall was connected to the high pressure 
side of the inclined manometer or pressure transducer with 
tygon tubing. The static pressure port upstream of the test 
section was connected to the low pressure side of the 
inclined manometer or pressure transducer. Figure 3.8 shows 
the set-up for the traversing pitot tube. Several readings 
were taken with the traversing pitot tube positioned at 
various points in the air flow. These readings were averaged 
mathematically and compared with the reading of the manifold 
set-up. The pitot tubes were calibrated in this manner.
The procedure used to calibrate the pressure transducer 
of the pitot tubes was the same as that described previously 
for the pressure drop pressure transducer. When the 
calibration of the pressure transducer was completed the 
final settings of the digital process indicator were:
SCALE = 0.2425 
OFFSET = - 0.219 
HYS = 0
SP1 = 6000 TO -5000 
SP2 = 6000 TO -5000
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When dealing with air flow in a duct, the velocity at a 
point or at a number of points throughout the test section 
in the air flow stream is needed to obtain a velocity 
profile. This profile is essential for obtaining the average 
velocity throughout the test section and for determining the 
volume flow rate. If the area occupied by the sensing 
element(s), pitot tube(s), is very small compared with the 
total area of the flow stream, the measured velocity can be 
considered a point velocity. It is important that the 
sensing device does not interfere with the flow being 
measured.
The velocity through the test section can be measured 
indirectly by measuring the difference between the 
stagnation and free-stream pressures. A pitot tube is a 
device commonly used to achieve this goal. A pitot tube is a 
bent open tube that is placed, in this case, in the duct 
system and facing upstream. The straight end of the pitot 
tube is attached to the high pressure side of a manometer or 
pressure transducer and a tube flush with the inside wall of 
the duct, used to measure the static pressure, is attached 
to the low pressure side of the manometer or pressure 
transducer. The liquid in the manometer will rise a distance 
"h" and Bernoullis' equation becomes
P0 = (P * V2 / 2) + P1 (3.3.3)
52
since a stagnation condition exists within the tube, p is 
the mass density of air in Kg/m3, V is the velocity in m/s,
P, is the static pressure in inches Hz0, and P0 is the 
stagnation pressure in inches H20. The difference between 
the stagnation pressure and the free-stream or static 
pressure is given by
P0 - P, = h * (y, - Yz) (3.3.4)
where "h" is the manometer deflection, Yi is the specific
weight of the manometer fluid and y2 is the specific weight 
air. The stream velocity, V , then becomes
V = (2 * (P0 - P,) / p)0-5 (3.3.5)
The pitot tube and its opening must be small as
possible in order to measure a point velocity. It is 
important to note that velocity fluctuations appear as 
pressure fluctuations. These fluctuations are dampened if a 
liquid manometer is used with a pitot tube. A pressure 
transducer connected to an electronic circuit is essential 
if fluctuating pressures are to be measured with accuracy.
Since air is a gas, compressibility must be considered. 
When compressibility is taken into consideration,
Bernoullis* equation becomes
53
V = ( 2*K*R*T*{ [P0/P1]<K'1>/IC-1}/{K-1} )0,5 (3.3.6)
for subsonic flow, where R is the gas constant of air, K is 
the flow coefficient, and T is the temperature. The 
free-stream static pressure, P,, has to be known. The value 
(Pq-P,) is the value being measured by the pressure 
transducer. The value (Pq/P,) is not being measured. Since 
eguation 3.3.6 deals with air flow velocities above 20,340 
fpm, the compressibility of air can be ignored for this 
thesis.
The pitot tube set up measured the difference between 
the dynamic pressure and the static pressure of the air-flow 
entering the test section. This difference could then be 
used to calculate the air velocity and corresponding flow 
rate through the test section. Incorporating the proper 
conversion factors so that the velocity was in feet per 
minute and the pressure difference was in inches H20, the 
velocity equation became
V = 39994.3869 * (P2 - P,)0’5 (3.3.7)
Once the velocity was known, the flow rate was calculated 
according to
Q = V * A (3.3.8)
54
where Q was the flow rate and A was the cross-sectional area 
of the ducts.
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CHAPTER 4
ASTM E477 REQUIREMENTS AND TESTING PROCEDURES
The procedures for taking insertion loss measurements 
were from the ASTM Designation: E477-1984 standard. This 
designation described the standard method of testing duct 
liner materials and prefabricated silencers for acoustical 
and air flow performance.
4.1 Test Methodology
The testing procedures for the duct silencers were for 
the purpose of determining the acoustical insertion loss, 
the air flow regenerated noise, and the static pressure drop 
across the test section as a function of airflow. Two 
distinct measurements were made in order to measure the 
insertion loss of each duct silencer. First, the sound 
pressure level in the reverberation chamber was measured 
while sound, pink noise, was entering the chamber through 
the duct with the test section. Second, the sound pressure 
level in the sound chamber was measured once more but this 
time the empty duct test section was replaced with a duct 
silencer. The insertion loss was then equal to the sound 
pressure level measured with the empty duct test section in 
place minus the sound pressure level measured with the duct 
silencer in place.
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Since the air flow generated noise was high enough to 
interfere with the sound pressure levels being measured in 
the reverberation room, the sound pressure levels had to be 
corrected before the insertion loss values could be 
calculated. Four sets of measurements were made for each 
silencer. Two sets of empty-duct sound pressure level 
measurements and two sets of duct silencer sound pressure 
level measurements were made at air flow velocities of 0, 
500, 1000, 1500, and 2000 feet per minute. One set of 
measurements was made with the sound source off and then 
repeated with the sound source on. With these measured 
values, the true sound pressure levels of the sound source 
through the empty duct and silencer test sections could be 
calculated by factoring out the sound pressure levels of the 
background noise. Equations 4.1.1 through 4.1.3 were used to 
correct the measured sound pressure levels of the sound 
source:
Lp (N) = 10 * Log (10Lp(N+BG)/10 _  l o Lp(BG)/10j
when 1 < Lp(N+BG) - Lp(BG) < 10 (4.1.1)
Lp (N) = Lp (N+BG) - 9 dB
when Lp(N+BG) - Lp(BG) < 1 dB (4.1.2)
Lp(N) = Lp(N+BG)
when Lp(N+BG) - Lp(BG) > 10 (4.1.3)
Lp(N) was the corrected sound pressure level of the sound 
source, Lp(BG) was the sound pressure level of the 
background noise, and Lp(N+BG) was the sound pressure level 
of the background noise plus the sound source. Equation 
4.1.4 was used to correct the sound pressure levels of the 
sound source through the silencer:
Lp(S) = 10 * Log (1 0 LP<SFN)/1° - loLp<SF)/10j (4.1.4)
Lp(S) was the corrected sound pressure level measured 
through the duct silencer, Lp(SFN) was the sound pressure 
level measured through the silencer with air flow and the 
sound sources on, and Lp(SF) was the sound pressure level 
measured through the duct silencer with air flow and the 
sound source off. The insertion loss was then calculated 
using equation 4.1.5:
IL = Lp(N) - Lp(S) (4.1.5)
IL was the insertion loss in decibels, Lp(N) was the 
corrected sound pressure level of the sound source, and 
Lp(S) was the corrected sound pressure level of the sound 
through the duct silencer.
The regenerated noise levels were calculated using 
equations 4.1.6 through 4.1.8:
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Lp (R) = 10 * Log (10Lp(SF)/10_l o Lp(F)/10j
when 1 < Lp(SF) - Lp(F) < 10 (4.1.6)
Lp(R) = Lp(SF) - 9 dB
when Lp(SF) - Lp(F) < 1 (4.1.7)
Lp(R) = Lp(SF)
when Lp(SF) - Lp(F) > 10 (4.1.8)
Lp(R) was the regenerated noise in decibels, Lp(SF) was the 
sound pressure level measured through the silencer with air 
flow and the sound source off, and Lp(F) was the sound 
pressure level measured through the empty duct test section 
with air flow and the sound source off.
A computer program using the preceding equations was 
written to facilitate the process of correcting each 
measured sound pressure level for each frequency band of 
each series of sound tests. The program was designed to read 
the measured sound pressure levels from a data file or to 
input the levels directly from the computer key board. It 
calculated the corrected sound pressure levels, insertion 
loss, and regenerated sound power levels. The program output 
consisted of several tables. One table showed the 
frequencies, corrected sound pressure levels, insertion 
loss, and regenerated noise for the one-third octave 
frequency band widths at various velocities. A second table
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showed the frequencies-and the uncorrected sound pressure 
levels that were inputed to the computer. A third table 
showed the frequencies and the regenerated sound power 
levels for the 1/3 octave frequency band widths. The program 
also outputed summary tables, showing the results at each 
velocity on the same table for each silencer. The program 
also printed out the above mentioned tables for 1/1 octave 
frequency bandwidths. The program listing can be found in 
Appendix D.
The pressure drop across the duct silencer was 
determined by measuring the static pressure at the locations 
described in section 3.3 upstream and downstream of the duct 
silencer at various air flow settings. The pressure drop and 
air flow were measured using a pitot tube, manometer, and 
pressure transducer setup.
4.2 insertion Loss Data
The following equipment was used to make insertion loss 
measurements: one Realistic model 32-2024 100 watt power 
amplifier; one Yamaha model PD2500 1,000 power amplifier; 
one ACO Type 4012 (13 mm) microphone; one two-channel 
Norwegian Electronics Type 830 Real Time Analyzer; one Rane 
Model AC23 active crossover; one Yamaha model GQ1031B 
graphic equalizer; one Ivie Electronics model IE-20B noise 
generator (Figure 4.1). The turning vane was positioned in 
its' highest position on the ceiling and allowed to rotate
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at 2 rpm. The microphone was mounted on the oscillating boom 
on the turning vane to measure the sound pressure levels.
The intake and exhaust air doors on the top portion of the 
north wall of the reverberation chamber were locked in their 
open positions so that the air flow could enter and exit the 
sound chamber.
The testing procedure described in section 4.1 was 
performed in the supply air duct in order to make insertion 
loss measurements with sound traveling with the air flow and 
then repeated in the exhaust air duct to make the 
measurements with sound traveling against the air flow. Five 
duct silencers were tested. Each change in silencer length 
required one empty duct sound pressure level measurement. 
Each duct silencer was tested at air-flow velocities of 0, 
500, 1000, 1500, and 2000 feet per minute. The sound 
pressure levels measured in the reverberation chamber were 
corrected for ambient and air flow generated noise and then 
used to calculate the insertion losses. Tables 1 through 10 
in Appendix E show; (1) the pressure drops across each duct 
silencer, (2) the air flow velocities, and (3) the insertion 
loss values associated with each frequency bandwidth forward 
air flow and with reverse air flow. Tables 1 through 10 in 
Appendix F show the air flow regenerated sound power levels 
associated with each duct silencer with forward air flow and 
with reverse air flow.
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4.3 Insertion Loss Facility Analysis
Before all the duct silencers could be tested, the duct 
system described above had to be changed. Silencer G, H, and 
silencer D were initially tested with the sound source 
located 32 feet from the test section. For these tests it 
was discovered that the sound pressure readings with the 
sound source on in the reverberation chamber were too low to 
test the duct silencers that had high insertion loss values. 
This was because of the presence of regenerated sound 
associated with air flow through the duct silencers. At air 
flow velocities of 1500 fpm and higher, the regenerated 
sound associated with air flow was substantially higher than 
the attenuated sound flow the sound source that was 
transmitted through the silencer to the reverberation 
chamber. To raise the sound levels in the reverberation 
chamber associated with the sound source, the sound source 
was moved to a location five feet from the test section.
This change in speaker location raised the sound levels 
associated with the speakers by an amount of 15 dB to 18 dB.
The explanation for this substantial increase in sound 
pressure levels can possibly be attributed to a variety of 
reasons. First, the sound source had 25 feet less to travel 
to reach the reverberation chamber, thereby, reducing 
possible sound reduction in the duct. The moving of the 
speakers 25 feet closer to the duct silencer test section 
could have increased the sound power that was transmitted
through the silencer and could have reduced the sound power 
that was incident upon the silencer section, thereby 
reducing the transmission losses. Second, the 4 foot by 4 
foot duct, where the speakers were previously located, had 
the inside walls perforated. This more than likely was 
dampening the sound, since the duct cavity was filled with 
insulation. Third, the sound source by-passed the 4 foot to 
2 foot diverging duct section which might have been 
reflecting some of the sound back towards the speakers. 
Fourth, the sound was entering a much smaller duct which 
might have decreased the impedance of the duct system. The 
wave lengths of the waves that propagate in ducts are 
sometimes shorter than the largest dimension of the duct.
The wave propagates at an oblique angle relative to the duct 
wall. This causes wave interference patterns, called cross­
modes, to form in the duct. The presence of cross-modes 
causes the acoustic pressure across the duct cross-section 
to vary as a function of distance across the duct. Cross­
modes are dispersive waves and could have existed in the 4 
foot by 4 foot duct and not in the 2 foot by 2 foot duct, 
since the duct was much smaller. With respect to ASTM E477, 
there is no standard specification for the location of the 
sound source, so the 15 dB increase obtained by moving the 
sound source was very important. While further research is 
needed to find out the exact cause for the 15 dB increase in 
sound pressure levels entering the sound room, the moving of
the speakers provided the necessary sound pressure levels to 
test all five duct silencers in both forward and reverse 
flow.
CHAPTER 5
65
DISCUSSION OF RESULTS
The data collected by the ETL Testing Laboratories, for 
the duct silencers tested in this thesis, is located in 
Appendix G and H. Appendix G contains ETL's insertion loss 
values and pressure drop values. Appendix H contains ETL's 
regenerated sound power values.
5.1 Duct Silencers Tested
Five duct silencers were tested. Each silencer was 
tested in both forward and reverse air flow. Forward air 
flow refers to the case where the test section is located in 
the supply air duct and the sound propagates with the air 
flow. Reverse air flow refers to the case where the test 
section is located in the return air duct and the sound 
propagates against the air flow. Each silencer tested had 
different characteristics. Table 5.1 shows the dimensions 
and characteristics associated with each silencer.
A comparison of the data collected in this thesis with 
the data collected by the ETL Testing Laboratories, in 
Cortland, New York, compared very favorably. ETL tested the 
same silencers tested in this thesis. Table 5.2 shows the 
pressure drops associated with each silencer in forward and 
reverse air flow and lists the pressure drops measured by 
ETL for each silencer. The pressure drops were the same
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Table 5.1 Duct Silencer Description Table
Silencer
Model
W
(in.)
H
(in.)
L
(in.)
% open 
inlet
area
exit
Fiberglass
Fill
E 24 24 36 25 38 no
G 24 24 60 52 52 yes
H 24 24 60 25 25 yes
D 24 24 84 25 50 yes
F 24 24 108 25 38 no
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Table 5.2 Pressure Drop Comparison Table
Silencer
Model
Air-Flow
Direction 0
Air-Flow Velocity (fpm) 
500 1000 1500 2000
E forward 0.00 0.14 0.32 0.73 1.29
E reverse 0.00 0.11 0.30 0.69 1.27
E-ETL forward 0.00 0.32 0.73 1.28
E-ETL reverse 0.00 0.32 0.73 1.28
G forward 0.00 0.04 0.09 0.20 0.34
G reverse 0.00 0.04 0.08 0.18 0.33
G-ETL forward 0.00 0.09 0.34
G-ETL reverse 0.00 0.08 0.34 0.53
H forward 0.00 0.33 0.76 1.76 3.23
H reverse 0.00 0.31 0.79 1.92 3.38
H-ETL forward 0.00 0.24 0.96 2.15
H-ETL reverse 0.00 0.24 0.96
D forward 0.00 0.11 0.31 0.78 1. 37
D reverse 0.00 0.10 0.30 0.71 1.31
D-ETL forward 0.00 0.31 0.69 1.22
D-ETL reverse 0.00 0.31 0.69 1.22
F forward 0.00 0.17 0.45 1.01 1.78
F reverse 0.00 0.17 0.47 0.99 1.73
F-ETL forward 0.00 0,11 0.44 0.99
F-ETL reverse 0.00 0.11 0.44 0.99
Note: "-ETL" label after each silencer denotes data
measured at ETL Laboratories, Inc.
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except for silencers H and D at flow velocities higher than 
1000 fpm. ETL's pressure drops were slightly higher than the 
pressure drops measured in this thesis.
The insertion loss values for each silencer were in
very close agreement with ETL's insertion loss values
(Figures 5.1 through 5.10). For silencers E, G, H, D
(forward flow only), and F, the insertion loss values were
within 5 dB of each other. Silencer D with reverse air flow 
was the only silencer that varied much from ETL's values. 
Silencer D with reverse air flow showed good agreement in 
all the frequency bands except for the frequency range 
between 300 Hz and 3000 Hz at an air flow velocity of 1500 
fpm and 2000 fpm (Figure 5.8). In this frequency range the 
values were within 9 dB of ETL's values. The reason for 
these differences was that ETL's values were limited by 
regenerated sound pressure levels due to air flow through 
the silencers.
As Figures 5.11 through 5.20 show, the regenerated 
sound power levels show the same trends as ETL's regenerated 
sound power levels in both forward and reverse flow. 
Silencers E, G, H, D, and F were all within 9 dB of ETL's 
regenerated sound power levels. ETL's sound power levels 
seemed to be consistently higher than the sound power levels 
measured in this thesis.
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5.2 Static Pressure Drop Measurements
The pressure drops measured across each duct silencer 
with forward air flow were in very close agreement with the 
pressure drops measured with reverse air low. Silencer H was 
the only silencer that showed significant differences in 
pressure drop between forward air flow and reverse air flow. 
At an air flow of 1500 fpm the two pressure drops differed 
by 0.16 inches H20. At an air flow speed of 2000 fpm the two 
pressure drops differed by 0.15 inches H20. These 
differences at 1500 fpm and 2000 fpm were probably due to 
the fact that the silencer significantly blocked the air 
passage way, causing the pressure transducer to fluctuate 
considerably. This made it difficult to get a good reading 
that was consistent with the opposing air flow direction. 
Duct silencer H showed the highest pressure drop while duct 
silencer G had the smallest pressure drop. Both these 
silencers were five feet long. Silencer H obstructed the air 
passage way much more than any of the other silencers. Table
5.2 shows a comparison of the pressure drops measured for 
each silencer with forward air flow and reverse air flow.
5.3 Insertion Loss Measurements
Figure 5.21 compares the sound levels in the 
reverberation chamber with and without the sound source 
turned on for the case where there was no silencer located 
in the duct. The sound levels with the sound source turned
90
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on are much higher than the sound levels with the sound 
source turned off. This is a very necessary condition for 
taking insertion loss measurements. The lower curve in 
Figure 5.21 represents the ambient sound levels in the 
reverberation chamber with all sound sources turned off. The 
top curve in Figure 5.22 shows sound levels that exist in 
the reverberation chamber with the 10 foot empty duct in the 
test section and with the sound source turned on. These 
levels are the reference sound pressure levels in the 
reverberation chamber without a silencer in the test 
section. When a silencer is placed in the test section, the 
levels shown in Figure 5.22 will decrease, depending on the 
sound attenuation through the silencer. The bottom curve in 
Figure 5.23 shows the decrease in sound pressure levels 
caused by placing silencer D in the test section. A 
comparison of the curves in Figure 5.22 shows that the 
silencer substantially lowered the sound pressure levels, 
especially in the frequency range of 200 HZ to 6000 Hz. 
Figure 5.23 shows how the sound pressure levels associated 
with silencer D are changed as the air flow increases. Even 
at an air flow velocity of 2000 fpm the sound pressure 
levels are much lower than when the test section is empty. 
Figure 5.24 shows how silencer D lowered the sound pressure 
levels for reverse air flow. Although the silencer was not 
as effective in reverse air flow, it still substantially 
lowered the; sound pressure levels that were being measured.
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Figure 5.25, indicates that the regenerated sound 
pressure levels caused by silencer D increased as the air 
flow increased. This was to be expected since the 
regenerated noise is created by the air flowing through the 
silencer. The regenerated sound pressure level depends on 
the characteristics and design of the silencer. If the 
regenerated sound pressure levels are higher than the sound 
pressure levels measured with the silencer in the duct 
system and the sound source on, the insertion loss values 
will be limited by the regenerated noise. This means the 
calculated insertion loss value reaches a maximum value and 
the corresponding curve of the insertion loss data levels 
out.
5.4 Insertion Loss Results
As Figures 5.26 through 5.30 show, the insertion loss 
values of the duct silencers measured with forward air flow 
were, for the most part, in agreement with the insertion 
loss values measured with reverse air flow. Silencers H and 
D showed the worst agreement, probably because these two 
silencers had the highest insertion losses. Silencer D was 
limited by the regenerated noise in the frequency range 
above 800 Hz for reverse air flow but was not limited by the 
regenerated noise for forward air flow. Silencers E, and G 
showed the best agreement. This is most likely due to the 
fact that these two silencers were not limited by the air
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flow generated noise.
Duct silencers H and D appeared to be most effective in 
reducing the sound pressure levels entering the 
reverberation chamber through the duct system for both 
forward and reverse air flow (see Figures 5.31 through 
5.34). This is to be expected since they both had the 
smallest percentage open area and their cavities were filled 
with fiberglass. Duct silencer E appeared to be the least 
effective silencer in lowering sound pressure levels. This 
result is more than likely due to the fact that duct 
silencer E was the shortest silencer tested, measuring three 
feet in length, and did not have its cavity filled with 
fiberglass.
5.5 Regenerated Sound Power
Figure 5.35 and 5.36 compare the sound pressure levels 
measured in the reverberation chamber when a 10 foot empty 
duct is in the test section to the ambient levels in the 
reverberation chamber. As the flow velocity increases the 
sound pressure levels increase, but the ambient levels are 
not completely exceeded until the flow velocity equals or 
exceeds 1500 fpm. Figures 5.37 through 5.39 show the case 
where silencer D was in the test section. Once again the 
ambient levels in the reverberation chamber were not 
exceeded until the flow velocity equalled or exceeded 1500 
fpm. This was typical of all the silencers tested. For the
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case of silencer D the ambient levels were almost completely 
exceeded at 1000 fpm.
5.6 Regenerated Sound Power Levels Results
The regenerated sound power levels were fairly 
consistent for silencers E, H, and F in both forward and 
reverse air flow (Figures 5.40 through 5.44). Silencers G 
and D varied the most between forward and reverse air flow. 
Duct silencers E and H had the highest regenerated sound 
power levels in both forward and reverse air flow. This is 
to be expected since they blocked the air flow passage the 
most of all the silencers (Figures 5.45 through 5.48). 
Silencer G and D had the lowest regenerated sound power 
levels in both forward and reverse air flow. The regenerated 
sound power values of the silencers associated with reverse 
air flow were consistently higher than the regenerated sound 
power levels associated with forward air flow. The reason 
for this difference might lie with the fact that the 
regenerated noise was being created by the air flow leaving 
the silencer for forward air flow and the regenerated noise 
was being created by the air flow entering the silencer for 
reverse air flow.
Figure 5.49 compares the sound pressure levels measured 
with silencer D in the test section and the sound source on 
with the regenerated sound pressure levels associated with 
silencer D for forward flow with a flow velocity of 1000
113
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fpm. The top curve represents the sound pressure level with 
the sound source on and the bottom curve represents the 
regenerated sound pressure levels with the sound source off. 
For the case involving silencer D in forward flow the top 
curve stays above the bottom curve meaning the sound 
pressure levels are not being limited by the regenerated 
sound pressure levels. This was the case for all the 
silencers with forward air flow. Figure 5.50 compares the 
sound pressure levels measured with the sound source on for 
silencer D with reverse air flow at a flow velocity of 2000 
fpm with the regenerated sound pressure levels associated 
with silencer D in reverse flow. In the low frequency range, 
the top curve stays above the bottom curve, but in the 
frequency range between 500 Hz and 5000 Hz the top curve 
meets the bottom curve. This means that in the middle 
frequency range the sound pressure levels were limited by 
the regenerated sound pressure levels. In the frequency 
range above 5000 Hz the top curve once again was above the 
lower curve. Only silencer D in reverse flow was 
substantially limited by the regenerated sound pressure 
levels.
5.7 Effects of Sound Source Location
Figure 5.51 compares the sound pressure levels measured 
for the case where an empty duct was placed in the test 
section and the sound source was 32 feet away from the test
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section with the case where the sound source was 5 feet from 
the test section. By moving the sound source 27 feet closer 
to the test section, a 14 dB to 15 dB increase in sound 
pressure levels in the reverberation chamber was achieved. 
This increase in sound pressure levels was fairly consistent 
over the entire frequency range. As mentioned previously in 
chapter 4, this increase in sound pressure levels can be 
attributed to a variety of reasons. First, the sound had 
less distance to travel to reach the reverberation chamber. 
As a result, the sound attenuation in the duct may have been 
less for the case where the sound source was only 5 feet 
from the test section. Second, the 4 .foot by 4 foot duct, 
where the speakers were previously located, had the inside 
walls perforated and could have been dampening the sound, 
since the duct cavity was insulated. Third, the sound by­
passed the 4 foot to 2 foot diverging duct section that 
might have been reflecting some of the sound back towards 
the speakers. Fourth, the sound was entering a smaller duct 
that might have decreased the impedance of the duct system.
Figures 5.52 through 5.54 compares the insertion loss 
values measured for silencers D, G, and H with the sound 
source 32 feet from the test section and with the sound 
source 5 feet from the test section. Except for the low 
frequencies, the insertion loss values were essentially the 
same. The frequency range between 50 Hz and 125 Hz showed 
the greatest difference. The insertion loss values in this
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frequency range show that there was around a 4 dB increase 
in insertion loss for silencer D, an 8 dB increase in 
insertion loss for silencer G, and a 9 dB increase in 
insertion loss for silencer H by moving the speakers 27 feet
closer to the test section.
The insertion loss is a function of the acoustical 
admittance at the location of the sound source, the 
admittance of the silencer, and the termination acoustical 
admittance of the duct. Equation 5.7.1 shows the 
relationship of the insertion loss to these acoustical 
admittances:
IL = 20 * LOG | (?8+*lf> / (S,+*inf> I +
10 * LOG ( RE(Yinf) / RE(Yjf) ) (5.7.1)
where IL is the insertion loss, Ys is the acoustical 
admittance at the sound source, Yif is the admittance of the 
system with the silencer in the test section, and * i n f  is the 
admittance of the system without the silencer in the test 
section.(12) Figure 5.55 shows the test section in the duct 
system and the corresponding admittances at the entrance and 
exit of the test section. The admittances are dependant on 
the sound source location. By moving the sound source closer 
to the test section, the sound source and the silencer 
admittances were changed. This in turn changed the insertion 
loss values. This possible explanation for the increase in
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insertion loss values only applies to the plane wave region. 
The plane wave region ceases to exit when X, the wavelength, 
equals 2d where d is the equivalent diameter of the duct.
The frequency at which this occurs is called the cut-off 
frequency. For this situation the cut-off frequency was 283 
Hz. For more information on equation 5.7.1 and the cut-off 
frequency refer to reference 12 in the appendix, pages 244 
to 355. The exact reason for the increase in insertion loss 
is not known and needs further research.
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CHAPTER 6 
CONCLUSION
The following is a list of conclusions that can be
drawn from the research done in this thesis.
1. The reverberation chamber qualified for taking sound 
measurements as specified by ANSI SI.32. A turning 
vane, a microphone boom assembly, and sound absorbers 
were necessary to qualify the reverberation chamber. The 
positioning of the microphone boom at the start of each 
sound test was found to be very important. The room only 
met the qualification standards when the boom started 
each test pointed at the west wall while in its lowest 
point of its traverse. The testing procedures for each 
frequency qualified the entire reverberation room 
configuration and the equipment used to make the sound 
measurements.
2. The qualification speaker's near field response measured 
in the reverberation chamber was the same as the near 
field response measured in the anechoic chamber. The use 
of a two input Real Time Analyzer eliminates the need to 
test the near field response of the speaker in an 
anechoic chamber.
3. The inclined manometer was the most fundamental devise 
capable of calibrating the electronic pressure
134
transducers. It provided a reference for checking the 
electronic pressure readings. The calibrated pressure 
transducers were used to read the pressure drop across
the test section and the velocity pressure through the
test section.
4. Since background noise interfered with the measured 
sound pressure levels during the insertion loss 
measurements, the sound pressure levels had to be 
corrected by factoring out the background noise. Once 
this was accomplished, the insertion loss associated 
with each duct silencer could be determined.
5. The duct silencers affected the air flow to varying 
degrees.-
6. Silencer H had the greatest pressure drop.
7. Silencer G had the smallest pressure drop.
8. Silencers G and D were the most effective in reducing 
the sound pressure levels being measured in the 
reverberation chamber.
9. Silencer E was the least effective in reducing sound 
pressure levels.
10. Overall, the pressure drops measured across the duct 
silencers were in very close agreement for forward and 
reverse air flow. Only silencer H had a significant 
difference at the higher velocities in pressure drop 
readings. This was due to the fact that this silencer 
blocked the air passage way enough to cause the pressure
135
transducer to fluctuate and cause difficulty in reading 
the meter.
11. Silencer G had the lowest pressure drop of 
all the silencers tested.
12. Silencers H and D had the greatest insertion loss values 
as well as the highest pressure drops.
13. Silencer E had the lowest insertion loss values as well 
as one of the highest pressure drops.
14. The regenerated sound power levels measured for each 
silencer showed the same trends.
15. Silencer H had the highest regenerated sound power 
levels.
16. Silencer G had the lowest regenerated sound power 
levels.
17. The regenerated sound power levels of the duct silencers 
associated with reverse air flow were higher than the 
regenerated sound power levels associated with forward 
air flow.
18. When the air flow velocities exceeded 1500 fpm, the 
ambient levels of the sound room were for the most part 
exceeded.
19. UNLV's and ETL's results were within 5 dB of each other 
for the insertion losses values and within 9 dB on the 
regenerated sound power levels.
20. The pressure drops measured by UNLV and ETL compared 
favorably.
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21. The close results between UNLV and ETL testify to the 
fact that the procedures and testing facilities 
presented in this thesis are adequate for taking 
insertion loss measurements.
22. The location of the sound source relative to the 
silencer being tested made a significant difference in 
the insertion loss values that were measured for the 
silencer.
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CHAPTER 7 
RECOMMENDATIONS
The facilities developed through this thesis have made 
it possible for further research in the area of HVAC 
acoustics. The possibility exists for studying the design 
and construction of duct silencers for the purpose of 
maximizing insertion loss and minimizing the pressure drop. 
The effects of the duct silencer on the air flow through the 
duct system is another possible area of research.
The results obtained in this thesis strongly suggests 
that further research needs to be done on the effects of the 
sound source location on the sound pressure levels measured 
in the reverberation chamber. The moving of the sound source 
relative to a duct silencer has a significant effect on the 
measured insertion loss values associated with the silencer. 
The exact cause for this was unknown. It is therefore 
recommended that research be done in this area. There has 
been little information reported in the literature relative 
to the effects of the location of the sound source on the 
measured insertion loss values for a duct silencer. The 
standard ASTM E477-84 does not specify sound source location 
and might need to be updated. Research in this area could 
prove very useful in making insertion loss measurements.
A final recommendation is the integrating of the
pressure transducers and the Real Time Analyzer to a 
computer. The imputing of the data to the computer is a 
monumental task. If the raw data could be read into the 
computer directly, much time could be saved and typing 
errors could be reduced.
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APPENDIX A
Definition of Terms
A basic understanding of the terminology used in 
acoustics is necessary to better understand the scope of 
this thesis. The following definitions will provide insight 
into the technical terminology used in this paper.
acoustical duct liner material - a material that has sound 
absorptive properties and is attached to the inside wall of 
a duct to attenuate the sound that propagates down that 
section of duct.
air flow generated sound - the sound generated by air 
flowing through a devise.
background sound - the sound that is present in an area in 
the absence of the sound from the sound source that is being 
measured.
direct sound - the sound in the test room that arrives 
directly from a source without reflection from boundary 
surfaces external to the source.
empty duct measurements - the sound pressure levels measured 
in the reverberation chamber as a result of the sound that 
is generated by the sound sources in the duct and that is 
transmitted through the empty duct system (without the test 
specimen inserted) to the reverberation chamber. 
equivalent diameter of rectangular ducts - the square root 
of the product of the width and the height of the
rectangular duct.
forward flow - sound that propagates in the same direction 
as air flow.
frequency range of interest - the octave bands with center 
frequencies from 63 to 8000 Hz or one-third octave bands 
with center frequencies from 50 Hz to 10,000 Hz. 
in-duct sound-attenuating device - a devise specifically 
designed to be installed in a ventilating duct for the 
purpose of attenuating the sound that is transmitted down 
the duct.
insertion loss - the reduction in sound pressure level, in 
decibels, at a given location due solely to the placement of 
a sound-attenuating device in the path of transmission 
between the sound source and the given location. 
reverberation chamber - a test room meeting the 
requirements of the American National Standard, so designed 
that the spatial variation of the reverberant sound within 
the room is minimized, both in the steady state when the 
noise source is on and during decay after the source of 
sound has stopped.
reverberant sound - the sound in the test room that has been 
reflected repeatedly or continuously from the boundaries of 
the room and from objects, such as diffusers within the test 
room.
reverberation time - the average time required, after a 
broad-band source in the test room is turned off, for the
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sound pressure level in any frequency band to decay sixty 
decibels.
reverse flow - sound that propagates in the direction 
opposite to the air flow.
signal source chamber - an enclosure at the upstream end of 
the duct system in which one or more sound sources are 
located for the purpose of generating sound to be 
transmitted through the duct system and discharged into the 
reverberation chamber.
sound power - the rate at which sound energy is radiated by 
a sound source.
sound power level - ten times the common logarithm of the 
ratio of the sound power radiated by a sound source under 
test to the standard reference power of 10’12 Watts. 
sound pressure - a fluctuating pressure superimposed on the 
ambient pressure by the presence of sound.
sound pressure level - ten times the common logarithm of the
ratio of the square of the sound pressure to the square of
the standard reference pressure of 20 uPa. 
standard air density - 1.202 Kg/m3 (.075 lb/ft3) 
corresponds to dry air at 21 degrees Celsius (70 
degrees farienheight) and 101.3 KPa (29.92 in. Hg) . 
static pressure at a plane of traverse - the arithmetic 
average of the static pressure at points in the plane of 
traverse.
static pressure at a point - the pressure measured by the
static connection of a pitot tube pointed upstream at that 
point.
total pressure at a plane of traverse - the algebraic sum of 
the velocity pressure and of the static pressure at the 
plane of traverse.
traverse - a series of ten or more readings made with a
pitot tube inside a duct.
velocity pressure at a plane of traverse - the square of the 
average of the square roots of the velocity pressures at 
that point.
velocity pressure at a point - the pressure measured by the 
differential reading of a pitot tube pointed upstream at 
that point.
wavelength - the distance in the direction of propagation 
between parts of the medium in the same phase and is equal
numerically to the quotient of the speed of sound and to the
center frequency of the octave or one-third octave band of 
interest.
APPENDIX B 
Reverberation Room Qualification Tables
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Abbreviations: 
Lp(sp:ac):
Lp(sp:rr):
Leq(rr):
Table 1
loudspeaker sound pressure level, 
anechoic chamber. Unit: decibel.
loudspeaker sound pressure level, 
reverberation room. Unit: decibel.
sound pressure level, reverberation 
room. Unit: decibel.
1/3 octave band center frequency: 50 Hz
freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
45.5 102.8 102.8 63.2
45.9 103.3 103.3 62.9
46.3 103.5 103.7 64.8
46.7 103.6 103.9 65.2
47.1 103.9 104.1 66.3
47.5 104.2 104.3 67.8
47.9 104.3 104.4 66.0
48.7 104.6 104.6 64.4
48.8 104.5 104.7 64.2
49.1 104.7 104.8 65.3
49.5 104.8 105.0 69.7
50.0 105.0 105.3 73.8
50.3 105.2 105.4 76.4
50.7 105.3 105.5 75.2
51.1 105.4 105.6 74.4
51.5 105.5 105.7 73.5
51.9 105.6 105.8 74.8
52.3 105.7 105.7 72.6
52.7 105.9 105.9 69.2
53.1 106.0 106.0 68.3
53.5 106.0 106.0 68.9
53.9 106.0 106.0 70.1
54.3 105.7 105.9 72.3
54.7 105.5 105.6 75.2
54.9 105.3 105.3 76.7
55.5 104.6 104.3 73.3
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Table 2
1/3 octave band center frequency: 63 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
57.0 106.0 106.1 75.2
57.5 106.6 106.7 72.6
58.0 106.9 107.2 72.3
58.5 107.2 107.5 71.8
59.0 107.4 107.8 72.3
59.5 107.6 108.1 73.9
60.0 107.6 108.3 74.9
60.5 107.8 108.5 77.4
61.0 107.9 108.8 79.3
61.5 108.1 109.1 81.2
62.0 108.2 109.3 86.4
62.5 108.3 108.8 83.0
63.0 108.5 109.1 81.4
63.5 108.6 109.7 85.0
64.0 108.7 109.4 85.7
64.5 108.8 109.1 82.8
65.0 109.0 109.1 83.3
65.5 109.1 109.3 80.3
66.0 109.1 109.6 82.9
66.5 109.2 109.4 84.1
67.0 109.2 109.4 78.8
67.5 109.1 109.5 78.5
68.0 108.9 109.6 80.2
68.5 108.7 109.1 81.4
69.0 108.2 108.6 78.2
69.5 107.7 108.2 75.5
70.0 107.0 107.5 72.3
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Table 3
1/3 octave band center frequency: 80 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
71.5 109.0 109.7 78.6
72.2 109.7 110.1 85.2
72.9 110.2 110.2 84.4
73.6 110.5 110.3 82.6
74.3 110.8 110.7 80.7
75.0 110.9 110.9 81.9
75.7 111.1 111.1 82.7
76.4 111.2 110.9 82.6
77.1 111.4 111.3 80. 6
77.8 111.5 111.6 83.1
78.5 111.6 111.8 84.8
79.2 111.6 111.5 82.4
80. 0 111.7 111.2 81.8
80.6 111.8 111.5 81.6
81.3 111.9 111.7 80.5
82.0 112.0 112.0 75.9
82.7 112.1 112.2 76.8
83.1 112.2 112.3 76.2
83.8 112.2 112.6 80. 0
84.5 112.2 112.4 82.4
85.2 112.2 112.6 83.2
85.9 112.0 112.0 84.9
86.6 111.5 112.0 83.2
87.3 111.1 111.7 82.3
88.0 110.7 110.6 82.1
88.7 109.7 110.1 80.2
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Table 4
1/3 octave band center frequency: 100 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
90.1 112.1 112.1 85.3
90.9 112.7 112.7 87.0
91.7 113.2 112.8 86.2
92.5 113.5 113.0 84.2
93.5 113.7 113.4 81.4
94.3 113.8 113.8 82.9
95.2 114.0 114.2 85.7
96.2 114.1 113.3 87.5
97.1 114.2 113.7 84.3
98.0 114.3 114.0 82.5
99.0 114.4 114.1 82.1
100.0 114.6 114.4 83.5
101.0 114.7 114.8 81.6
102.0 114.8 114.7 86.7
103.1 114.9 115.1 84.6
104.2 115.0 115.3 88.6
105.3 115.1 115.2 85.5
106.4 115.1 115.4 91.5
107.5 114.9 115.4 92.5
108.7 114.6 113.7 90.5
109.9 113.9 113.2 83.5
111.1 113.0 112.5 82.2
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Table 5
1/3 octave band center frequency: 125 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
112.6 113.6 113.4 85.2
113.6 114.3 114.2 86.0
114.7 115.0 114.8 87.0
115.7 115.4 115.5 87.1
116.8 115.7 115.4 86.5
117.9 115.8 115.7 88.9
119.0 116.0 115.9 88.7
120.2 116.1 116.1 92.0
121.4 116.2 116.0 87.7
122.5 116.1 116.4 88.6
123.8 116.2 116.4 83.8
125.0 116.3 116.7 84.5
126.3 116.4 116.8 85.7
127.6 116.5 116.8 86.4
128.9 116.6 117.2 87.9
130.2 116.7 116.7 90.7
131.6 116.7 116.4 90.2
133.0 116.7 116.8 88.2
134.4 116.7 116.1 88.4
135.9 116.5 116.4 86.9
137.4 116.0 116.0 89.7
138.9 115.1 115.2 86.6
140.4 114.1 114.0 86.2
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Table 6
1/3 octave band center frequency: 160 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
141.2 114.9 115.0 86.7
142.5 115.7 116.0 90.2
143.7 116.4 115.8 90.0
144.9 116.8 116.5 88.2
146.2 117.1 116.9 88.7
147.5 117.3 117.1 90.2
148.8 117.4 117.5 89.6
150.2 117.6 117.4 92.0
151.5 117.7 117.4 91.5
152.9 117.7 117.5 86.8
154.3 117.7 117.4 90.7
155.8 117.7 117.3 94.6
157.2 117.8 117.8 88.9
158.7 117.8 117.5 90.9
160.3 117.8 117.6 89.4
161.8 117.8 118.1 90.9
163.4 117.9 117.9 92. 0
165.0 118.0 118.0 89.8
166.7 118.0 117.3 92.8
168.4 118.0 117.5 89.8
170.1 117.8 117.9 91.0
171.8 117.5 117.3 93.3
173.6 116.9 116.6 91.3
175.4 116.1 115.8 86.6
177.3 115.0 114.9 86.9
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Table 7
1/3 octave band center frequency: 200 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
178.6 116.6 116.5 87.2
180.2 117.3 116.9 90.4
181.8 117.8 117.5 90.5
183.5 118.1 118.2 91.6
185.2 118.3 118.5 93.1
186.9 118.4 118.8 94.1
188.7 118.5 118.2 91.5
190.5 118.5 118.4 88.7
192.3 118.6 118.7 90.7
194.2 118.6 118.2 89.8
196.1 118.7 118.5 90.0
198.0 118.7 118.6 91.7
200.0 118.7 118.4 89.4
202.0 118.7 118.6 90.1
204.1 118.7 119.1 91.5
206.2 118.7 118.1 92.1
208.3 118.7 118.5 90.1
210.5 118.7 118.6 90.4
212.8 118.6 118.5 89.7
215.1 118.4 118.5 89.7
217.4 117.9 118.2 90.4
219.8 117.2 117.2 90.9
222.2 116.2 115.3 89.7
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Table 8
1/3 octave band center frequency: 250 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
223.2 116.0 115.5 84.8
225.2 116.8 116.6 86.0
227.3 117.6 117.6 88.8
229.4 118.2 117.9 90.7
231.5 118.4 118.5 85.5
233.6 118.7 119.0 87.8
235.8 118.8 119.2 93.3
238.1 118.9 118.9 91.9
240.4 118.9 118.4 90.8
242.7 118.9 118.7 87.3
245.7 118.9 119.0 94.3
247.5 119.0 119.0 91.5
250.0 118.9 118.5 90.6
252.5 118.9 118.8 91.7
255.1 118.9 118.8 89.7
257.7 118.9 118.5 91.1
260.4 118.9 118.8 89.8
263.2 118.9 119.1 88.3
266.0 118.8 118.9 87.5
268.8 118.7 118.9 89.1
271.7 118.4 118.3 89.2
274.7 117.8 117.8 91.4
277.8 117.1 116.6 87.8
280.9 116.0 115.6 87.4
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Table 9
1/3 octave band center frequency: 315 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
282.5 116.8 116.5 86.8
284.9 117.6 117.3 88.8
287.4 118.3 118.1 92.7
289.9 118.8 118.3 90.8
292.4 119.2 119.1 92.5
295.0 119.5 119.4 93.2
297.6 119.8 119.2 88.4
300.3 120.0 119.7 88.0
303.0 120.1 120.0 91.0
305.8 120.2 120.2 90.4
308.6 120.3 120.3 92.6
311.5 120.4 120.2 90.2
314.5 120.4 120.6 91.9
317.5 120.5 120.4 90.9
320.5 120.5 120.2 91.8
323.6 120.5 120.2 90.2
326.8 120.5 120.6 89.2
330.0 120.5 120.5 89.0
333.3 120.4 120.7 92.1
336.7 120.3 120.5 89.3
340.1 120.1 119.9 88.0
343.6 119.8 119.8 87.8
347.2 119.2 119.2 88.8
350.9 118.2 118.5 90.3
354.6 117.2 116.8 86.8
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Table 10
1/3 octave band center frequency: 400 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
362.3 119.5 119.5 89.4
365. 0 119.8 120.2 89.2
367.6 120.0 120.1 90.6
370.4 120.1 120.5 93.7
373.1 120.2 120.0 90.8
375.9 120.2 120.7 92.0
378.8 120.2 120.4 92.2
381.7 120.3 120.4 89.5
384.6 120.3 120.4 90.7
387.6 120.3 120.8 89.1
390.6 120.3 120.9 92.1
393.7 120.3 120.6 91.9
396.8 120.3 120.5 90.9
400.0 120.3 120.4 90.5
403.2 120.4 120.6 91.0
406.5 120.4 120.4 90.8
409.8 120.4 120.7 91.0
413.2 120.4 120.6 92.7
416.7 120.4 120.9 91.4
420.2 120.4 120.9 94.3
423.7 120.4 120.6 91.1
427.4 120.3 120.5 92.5
431.0 120.1 120.5 90.7
434.8 119.7 120.3 93.5
438.6 119.2 119.2 92.8
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Table 11
1/3 octave band center frequency: 500 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
450.5 118.8 119.4 89.8
454.5 119.5 119.1 91.8
458.7 120.0 120.0 90.9
463.0 120.4 120.7 93.2
467.3 120.6 120.9 94.6
471.7 120.7 121.0 93.2
476.2 120.8 121.1 92.5
480.8 120.8 121.2 92.7
485.4 120.8 121.7 92.7
490.2 120.9 120.7 92.7
495.0 120.9 121.1 92.4
500.0 120.9 121.5 93.7
505.1 120.9 121.4 93.3
510.2 120.9 120.8 92.7
515.5 121.0 121.4 92.1
520.8 121.0 121.1 93.2
526.3 121.0 121.1 94.2
531.9 120.9 120.7 93. 0
537.6 120.8 121.1 91.7
543.5 120.4 120.9 94.8
549.5 119.8 119.9 90.6
555.6 118.8 119.6 89.9
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Table 12
1/3 octave band center frequency: 630 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
564.0 118.1 118.6 91.0
570.0 119.0 119.3 93.1
576.0 119.6 119.6 92.6
582.0 120.2 120.0 92.7
588.0 120.3 120.2 92.6
594.0 120.5 119.8 93.0
600.0 120.6 120.8 92.0
606.0 120.7 121.1 93 .4
612.0 120.8 120.9 93.7
618.0 121.1 121.4 93.4
624.0 121.5 121.7 93.7
630.0 121.7 121.5 94.2
636.0 121.8 122.4 95.9
642.0 121.9 122.0 95.9
648.0 121.8 122.1 95.4
654.0 121.8 121.9 95.5
660.0 121.8 122.1 95.4
666.0 121.7 121.6 94.2
672.0 121.6 121.6 95.2
678.0 121.5 121.4 93.7
684.0 121.3 121.1 94.6
690.0 120.9 121.2 92.6
696.0 120.3 120.5 93.5
702.0 119.5 119.6 92.1
708.0 118.5 117.9 91.5
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Table 13
1/3 octave band center frequency: 800 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
712.0 119.9 119.7 93.0
720.0 120.8 120.5 92.7
728.0 121.3 120.6 94.6
736.0 121.6 121.3 93.8
744.0 121.8 121.4 94.2
752.0 121.9 121.8 95.0
760.0 121.9 121.7 94.6
768.0 121.9 121.8 95.3
776.0 122. 0 121.7 95.4
784.0 122.0 122.2 94.1
792.0 122.0 122.3 94.8
800.0 122.1 121.8 94.1
808.0 122.1 121.8 95.6
816.0 122.1 121.6 94.9
824.0 122.1 121.9 94.5
832.0 122.1 122.2 95.0
840.0 122.1 122.2 95.6
848.0 122.0 122.6 95.5
856.0 121.9 122.3 95.1
864.0 121.6 122.2 94.2
872.0 121.1 121.6 95.1
880.0 120.4 120.4 94.1
888.0 119.6 120.8 92.3
158
Table 14
1/3 octave band center frequency: 1000 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
900.0 120.2 120.4 94.2
910.0 121.1 121.5 94.7
920.0 121.6 122.8 95.3
930.0 121.9 123.0 94.9
940.0 122.0 122.0 95.8
950.0 122.1 122.5 95.3
960.0 122.2 122.1 94.4
970.0 122.2 123.1 95.8
980.0 122.3 122.4 95.7
990.0 122.3 122.9 94.4
1000.0 122.3 121.9 95.4
1010.0 122.3 122.0 96.8
1020.0 122.3 122.3 95.6
1030.0 122.3 122.8 96.0
1040.0 122.3 122.5 95.1
1050.0 122.2 122.4 95.5
1060.0 122.1 122.4 96.4
1070.0 121.9 122.5 96.1
1080.0 121.7 121.5 95.1
1090.0 121.2 121.3 95.3
1100.0 120.6 120.5 94.6
1110.0 119.8 119.9 94.0
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Table 15
1/3 octave band center frequency: 1250 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
1130.0 119.0 118.9 93.2
1140.0 119.6 119.7 94.2
1150.0 120.0 119.6 92.7
1160.0 120.3 120.1 93.5
1170.0 120.4 120.7 93.7
1180.0 120.5 119.9 94.6
1190.0 120.5 120.5 94.3
1200.0 120.5 120.4 94.6
1210.0 120.4 120.5 94.3
1220.0 120.3 120.7 94.6
1230.0 120.2 120.3 94.7
1240.0 120.1 120.3 94.2
1250.0 120.0 120.1 93.6
1260.0 119.9 120.6 93.8
1270.0 119.8 119.6 93.6
1280.0 119.7 120.2 94.6
1290.0 119.5 120.0 94.0
1300.0 119.4 119.7 93.9
1310.0 119.2 118.6 92.3
1320.0 119.1 120.1 93.6
1330.0 118.9 118.9 92.7
1340.0 118.6 119.2 93.2
1350.0 118.3 119.1 93.4
1360.0 118.0 118.6 93.6
1370.0 117.5 117.7 92.5
1380.0 117.0 117.4 91.7
1390.0 116.3 117.3 90.5
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Table 16
1/3 octave 
test freq. (Hz)
band center 
Lp(sp:ac)
frequency: 1600 Hz 
Lp(sp:rr) Leq(rr)
1410.0 113.9 114.4 88.9
1425.0 114.6 115.1 89.3
1440.0 114.9 115.7 90.3
1455.0 114.9 115.3 89.4
1470.0 114.6 115.3 89.4
1485.0 114.2 114.9 88.7
1500.0 114.3 114.4 90.1
1515.0 114.4 114.6 89.1
1530.0 114.5 114.5 90.2
1545.0 114.4 115.1 89.7
1560.0 114.5 114.9 90.1
1575.0 114.8 115.1 89.7
1590.0 115.2 114.6 89.7
1605.0 115.5 115.0 89.5
1620.0 115.9 116.0 89.7
1635.0 116.2 115.0 88.6
1650.0 116.4 115.8 89.6
1665.0 116.5 116.5 89.8
1680.0 116.8 116.3 89.3
1695.0 117.0 116.2 89.6
1710.0 117.0 116.5 89.3
1725.0 116.8 116.1 88.3
1740.0 116.4 116.5 88.6
1755.0 115.8 116.1 88.0
1770.0 115.2 114.9 86.8
1785.0 114.3 113.9 86.1
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Table 17
1/3 octave band center frequency: 2000 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
1800.0 115.4 115.4 87.1
1820.0 116.2 116.4 87.6
1840.0 116.6 116.7 88.3
1860.0 116.9 116.8 88.3
1880.0 116.9 116.9 88.8
1900.0 116.9 116.7 89.4
1920.0 116.8 116.8 88.4
1940.0 116.8 117.0 88.5
1960.0 116.7 116.6 88.1
1980.0 116.7 116.7 88.2
2000.0 116.7 116.5 88.0
2020.0 116.7 116.6 87.9
2040.0 116.7 116.4 88.4
2060.0 116.7 116.5 87.7
2080.0 116.7 116.5 87.5
2100.0 116.8 116.7 87.4
2120.0 116.8 116.8 87.5
2140.0 116.7 116.2 86.6
2160.0 116.6 116.5 86.7
2180.0 116.3 116.1 86.9
2200.0 115.3 115.5 86.0
2220.0 115.2 115.0 85.5
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Table 18
1/3 octave band center frequency: 2500 Hz 
test freq. (Hz) Lp(sp:ac) Lp(sp:rr) Leq(rr)
2260.0 115.2 114.7 84.4
2280.0 116.1 115.5 85.0
2300.0 116.9 116.5 85.8
2320.0 117.6 117.2 86.0
2340.0 118.1 117.6 86.3
2360.0 118.7 118.4 86.4
2380.0 119.2 118.6 86.4
2400.0 119.6 119.0 86.8
2420.0 120.0 119.7 87.4
2440.0 120.3 120.0 86.9
2460.0 120.4 120.4 86.9
2480.0 120.4 120.4 87.1
2500.0 120.3 120.4 87. 0
2520.0 120.2 120.5 87.6
2540.0 120.1 120.2 86.5
2560.0 120.0 120. 0 86.4
2580.0 119.8 119.9 86.6
2600.0 119.8 119.9 86.8
2620.0 119.8 119.6 86.9
2640.0 119.8 119.9 87.2
2660.0 119.8 119.5 87.7
2680.0 119.7 119.5 86.8
2700.0 119.4 119.3 87.2
2720.0 119.0 119.0 87.0
2740.0 118.7 118.6 86.6
2760.0 117.9 117.9 86. 6
2780.0 116.9 117.4 86.2
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APPENDIX C
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APPENDIX D 
Insertion Loss Program Summary
REM
REM INSERTION-LOSS PROGRAM
REM
REM LS - SOUND PRESSURE LEVEL OF SOUND SOURCE
REM LBG - SOUND PRESSURE LEVEL OF BACKGROUND NOISE
REM LSBG - SOUND PRESSURE LEVEL OF BACKGROUND NOISE
REM PLUS SOURCE
REM L2 - SOUND PRESSURE LEVEL W SILENCER, W FLOW,
REM W/O NOISE
REM L33 - SOUND PRESSURE LEVEL W SILENCER, W FLOW,
REM W NOISE
REM L3 - SOUND PRESSURE LEVEL SILENCER ONLY
REM L4 - SOUND PRESSURE LEVEL SILENCER W/O
REM REGENERATED FLOW NOISE
REM IL - INSERTION-LOSS
REM L30 - L3 IN OCTAVE BAND
REM LSO - LS IN OCTAVE BAND
REM L40 - L4 IN OCTAVE BAND
REM ILO - IL IN OCTAVE BAND
CLS : COLOR 14,1: CLS
DIM F(24), LSBG(24), LS(24), LBG(24), L2(24), L3(24) 
DIM L4(24), IL(24), L33(24), LS0(8), L30(8), L40(8) 
DIM IL0(8), LPR(24), LWR(24), LPBG(24,5), LP2(24,5) 
DIM LP3(24,5), LWBG(24,5), LW2(24,5), LW3(24,5), M$(5) 
DIM V (5), LW30(8,5), LWBG0(8,5), LW20(8,5), A$(5)
DIM LC2(24,5), LC33(24,5), LCBG(24,5)
F (1)=50: F (2)=63 : F(3)=80): F(4)=100: F(5)=125 
F(6)=160: F (7)=200: F(8)=250: F(9)=315: F(10)=400 
F (11)=500: F (12)=630: F(13)=800: F(14)=1000 
F(15)=1250: F(16)=1600: F(17)=2000: F(18)=2500 
F (19)=3150: F (20)=4000: F(21)=5000: F(22)=6300 
F(23)=8000: F (24)=10000
REM
REM DATA INPUT
REM
J=0
0 J=J+1
PRINT: INPUT "DUCT SILENCER MODEL = ", M$(J)
PRINT: INPUT "FLOW VELOCITY (FPM) = ", V(J)
PRINT: INPUT "AIR-FLOW DIRECTION = ", A$(J): PRINT
1 CLS: LOCATE 2,1: INPUT "ENTER DATA FROM A DATA FILE
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(Y/N)? ", N$
IF N $ o ,,Y" AND N$o"N" THEN LOCATE 2,35: PRINT "
GOTO 1
IF N$="Y" THEN GOSUB 50: GOTO 7
2 FOR I = 1 TO 24
PRINT: PRINT F(I); " HZ"
INPUT "Lp(BACKGROUND) = ", LBG(I,J)
NEXT I 
GOSUB 30
IF Y$="N" THEN GOTO 2 
PRINT
3 FOR I = 1 TO 24
PRINT: PRINT F(I); " HZ"
INPUT "Lp(BACKGROUND + SOURCE) = ", LSBG(I,J)
NEXT I 
GOSUB 30
IF Y$="N" THEN GOTO 3 
PRINT
4 FOR I = 1 TO 24
PRINT: PRINT F(I); " HZ"
INPUT "Lp(W SILENCER, W FLOW, W/O NOISE) = ", L2(I,J) 
NEXT I 
GOSUB 30
IF Y$="N" THEN GOTO 4 
PRINT
5 FOR I = 1 TO 24
PRINT: PRINT F(I); " HZ"
INPUT "Lp(W SILENCER, W FLOW, W NOISE) = ", L33(I,J) 
NEXT I 
GOSUB 30
IF Y$="N" THEN GOTO 5 
REM
REM DATA SAVE
REM
CLS
6 LOCATE 2,1: INPUT "SAVE INPUTED DATA TO A DATA FILE
(Y/N)? ", NN$
IF NN$o"Y" AND NN$o"N" THEN LOCATE 2,45: PRINT " ":
GOTO 6
IF NN$="Y" THEN GOSUB 60 
REM
REM CALCULATIONS
REM
7 FOR I = 1 TO 24
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LC2(I, J)=L2(I,J)
LC33(I,J)=L33(I,J)
LCBG(I, J)=LBG(I, J)
NEXT I
FOR I = 1 TO 24
IF LSBG(I,J)-LCBG(I,J)<2 THEN LS(I,J)=LSBG(I,J)-7:
GOTO 10
IF LSBG(I,J)-LCBG(I,J)>=10 THEN LS(I,J)=LSBG(I,J):
GOTO 10
LS(I,J)= 10*LOG(10A (LSBG(I,J)/10) -
10A(LBG(I,J)/10))/LOG(10)
10 NEXT I
FOR I = 1 TO 24
IF V(J)=0 THEN LS(I,J)=0: GOTO 20
IF LC2(I,J)-LCBG(I,J)<2 THEN LS(I,J)=L2(I,J)-7:
GOTO 20
IF LC2(I,J)-LCBG(I,J)>=10 THEN L3(I,J)=LC2(I,J):
GOTO 20
L3(I, J) = 10*LOG(10A(LC2(I,J)/10) -
10A(LCBG(I,J)/10))/LOG(10)
20 NEXT I
FOR 1=1 TO 24
IF LC2(I, J)>-LC33(I,J)<2 THEN L4(I,J)=LC33(I,J)-7:
GOTO 21
L4(I,J)= 10*LOG(10A (LC33(I,J)/10) -
10A(LC2(I,J)/10))/LOG(10)
IL(I,J)=LS(I,J)-L4(I,J)
NEXT I
REM OCTAVE BAND INSERTION-LOSS 
N=1
FOR I = 1 TO 8
L30(I,J) = 10*LOG( 10A (L3(N,J)/10) +
10A(L3(N+l,J)/10) + 10A (L3(N+2,J)/10) ) /
LOG(10)
LSO(I,J) = 10*LOG( 10A (LS(N,J)/10) +
10A(LS(N+l,J)/10) +
10A(LS(N+2,J)/10) ) / LOG(10)
L40(I,J) = 10*LOG(10A(L4(N,J)/10) + 10A(L4(N+l,J)/10) 
+ 10A(L4(N+2,J)/10) ) / LOG(10)
ILO(I,J) = LSO(I,J)- L40(I,J)
N=N+3 
NEXT I
REM 1/3 OCTAVE BAND REGENERATED NOISE
LPR(l)=60.8: LPR(2)=62.4: ... : LPR(24)=47.3
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LWR(1)=72.2: LWR(2)=68.8: ... : LWR(24)=65.8 
FOR I = 1 TO 24
IF V(J)=0 THEN GOTO 116
DL=10*LOG(1+(127.5/F(I))A1.88)/LOG(10)
IF L2(I,J)-LCBG(I,J)<2 THEN LCBG(I,J)=LCBG(I,J)-7
LPBG(I,J)=LCBG(I,J)+DL
LP2(I,J)=L2(I,J)+DL
LP3(I,J)=L3(I,J)=DL
LWBG(I, J)=LPBG(I,J)+ (LWR(I)-LPR(I))
LW2 (I, J) =LP2 (I,Y)+ (LWR(I) -LPR(I) )
LW3(I/J)=LP3(I,J)+ (LWR(I)-LPR(I))
116 NEXT I
REM OCTAVE BAND REGENERATED NOISE 
N=1
FOR I = 1 TO 8
IF V(J)=0 THEN GOTO 117
LW30(I,J) = 10*LOG( 10A (LW3(N, J)/10) +
10 A(LW3(N+l, J) /10) + 10 A(LW3(N+2,J)/10) ) / 
LOG(10)
LW20(I,J) = 10*LOG( 10A (LW2(N,J)/10) +
10A(LW2(N+l,J)/10) +
10A (LW2(N+2, J)/10) ) / LOG(10)
LWBGO(I, J) = 10*LOG(10A (LWBG(N,J)/10) +
10A(LWBG(N+l,J)/10) +
10A(LWBG(N+2,J)/10) ) / LOG(10)
N=N+3
117 NEXT I
REM OUTPUT TABLES WERE PLACED IN SUBROUTINES
REM FOLLOWING THE END OF THE PROGRAM AND CALLED
REM FROM THIS LOCATION ACCORDING TO YES-NO
REM RESPONSES TO ASKED QUESTIONS ABOUT WHAT
REM TABLES TO OUTPUT
END
REM
REM CONTINUE SUBROUTINE
REM
30 REM >CONTINUE (Y/N) SUBROUTINE<
PRINT: INPUT "CONTINUE (Y/N) ", Y$
IF Y$="N" OR Y$="Y" THEN GOTO 40 
GO TO 30 
40 RETURN
REM
REM LOAD SUBROUTINE
REM
50 REM >DATA FILE LOAD SUBROUTINE<
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CLS
PRINT: PRINT "ENTER THE DATA FILE NAMES ONLY"
PRINT: INPUT "ENTER Lp(BACKGROUND) DATA FILE NAME = ", 
LB$
PRINT: INPUT "ENTER Lp(BACKGROUNT + SOURCE) DATA FILE 
NAME = ", LBS$
PRINT: INPUT "ENTER Lp(W SILENCER, W FLOW, W/O NOISE) 
DATA FILE NAME = ", LSF$
PRINT: INPUT "ENTER Lp(W SILENCER, W FLOW, W NOISE)
DATA FILE NAME = ", LSFN$
LB$="C:\ILSIL\"+LB$+".DAT"
OPEN LB$ FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, LBG(I,J): NEXT I 
CLOSE #2
LBS$="C:\ILSIL"+LBS$+".DAT"
OPEN LBS$ FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, LSBG(I,J): NEXT I
CLOSE #2
LSF$="C:\ILSIL\"+LSF$+".DAT"
OPEN LSF$ FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, L2(I,J): NEXT I
CLOSE #2
LSFN$="C:\ILSIL\"+LSFN$+".DAT"
OPEN LSFN$ FOR INPUT #2, L33(I,J): NEXT I 
CLOSE #2 
GOSUB 30
IF Y$="N" THEN GOTO 50 
RETURN
REM
REM SAVE SUBROUTINE
REM
60 REM >DATA FILE SAVE SUBROUTINE<
CLS
PRINT: PRINT "ENTER THE DATA FILE NAMES ONLY (8 LETTERS 
MAX) "
PRINT: INPUT "ENTER Lp(BACKGROUND) DATA FILE NAME = ", 
LLB$
PRINT: INPUT "ENTER Lp(BACKGROUNT + SOURCE) DATA FILE 
NAME = ", LLBS$
PRINT: INPUT "ENTER Lp(W SILENCER, W FLOW, W/O NOISE) 
DATA FILE NAME = ", LLSF$
PRINT: INPUT "ENTER Lp(W SILENCER, W FLOW, W NOISE)
DATA FILE NAME = ", LLSFN$
LLB$="C:\ILSIL\"+LLB$+".DAT"
OPEN LLB$ FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, LBG(I,J): NEXT I 
CLOSE #2
LLBS$="C:\ILSIL"+LLBS $+ ».DAT"
OPEN LLBS$ FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, LSBG(I,J): NEXT I
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CLOSE #2
LLSF$="C:\ILSIL\"+LLSF$+".DAT"
OPEN LLSF$ FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, L2(I,J): NEXT I 
CLOSE #2
LLSFN$="C:\ILSIL\"+LLSFN$+".DAT"
OPEN LLSFN$ FOR INPUT #2, L33(I,J): NEXT I 
CLOSE #2 
GOSUB 30
IF Y$="N" THEN GOTO 60 
RETURN
REM THE REST OF THE SUBROUTINES FOR PRINTING OUT
REM THE TABLES WERE PLACED HERE. THE TABLES
REM CONSISTED OF:
REM (1) CORRECTED Lp / IN-LOSS OUTPUT
REM (2) RAW DATA OUTPUT
REM (3) GENERATED SOUND POWER OUTPUT
REM BOTH OCTAVE AND 1/3 OCTAVE BAND DATA
REM WAS PRINTED OUT IN TABLES FOR THE THREE
REM LISTED CATEGORIES.
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APPENDIX E
1/3 Octave Band Insertion Loss Tables
Note: Insertion-loss data in parenthesis signifies that the 
corresponding sound pressure level data has reached ambient 
levels in the test room. Insertion-loss data in double 
parenthesis signifies that the corresponding sound pressure 
level data has been limited by the flow generated noise.
Table 1 Silencer Model E (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(HZ) 0 500 1000 1500 2000
50 1.4 2.1 -0.4 -0.8 -2.1
63 3.2 4.7 8.2 4.6 3.7
80 4.2 5.1 6.4 6.0 6.4
100 1.7 2.6 2.6 3.6 3.7
125 4.3 4.6 5.0 5.8 6.4
160 4.9 5.1 5.9 6.2 6.7
200 5.2 6.3 7.3 8.9 9.2
250 7.8 9.5 11.4 12.6 13.2
315 9.9 10.6 12.7 13.1 12.5
400 11.1 12.1 14.1 15.6 16.4
500 20.7 21.1 22.7 24.0 23.9
630 19.0 19.7 21.2 21.9 22.5
800 26.3 26.3 27.0 28.2 28.5
1000 20.5 21.3 25.5 30.1 31.5
1250 11.4 11.4 15.3 22.0 25.9
1600 10.3 10.6 12.4 15.5 17.8
2000 11.6 11.7 12.0 13.5 14.7
2500 12.1 12.4 12.8 13.9 15.1
3150 10.9 11.1 11.4 11.9 13.4
4000 10.7 11.1 11.3 11.7 12.6
5000 11.5 11.6 11.8 11.7 11.9
6300 11.5 11.5 11.7 11.7 11.5
8000 10.2 10.1 10.3 10.5 10.5
10000 10.1 9.9 10.0 10.3 10.4
Pressure Drop
(in. H20) 0.00 0.14 0.32 0.73 1.29
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Table 2 Silencer Model E (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(HZ) 0 500 1000 1500 2000
50 -3.3 -3.4 -2.9 -1.7 1.2
63 3.0 4.1 3.8 5.4 5.2
80 4.6 4.4 4.9 6.9 9.4
100 2.9 3.4 3.8 5.1 7.6
125 4.9 4.9 5.7 7.4 8.6
160 4.4 6.6 7.7 9.8 10.8
200 5.3 7.3 9.9 12.5 14.5
250 8.3 10.2 12.6 15.4 17.7
315 8.3 9.8 10.4 11.9 12.7
400 10.2 12.0 14.0 16.9 19.2
500 20.9 22.3 24.0 26.5 28.3
630 19.5 20.4 21.5 23.7 25. 0
800 25.1 25.4 26.3 27.9 29.0
1000 20.2 20.7 23.9 28.1 30.7
1250 11.2 11.8 15.5 22.3 24.6
1600 11.1 11.2 12.9 16.5 19.4
2000 11.5 11.9 12.5 14.8 16.5
2500 12.3 12.9 12.8 13.9 14.7
3150 10.6 11.0 11.2 11.4 12.4
4000 10.6 10.9 11.1 11.1 11.4
5000 10.7 10.7 10.7 10.8 10. 6
6300 11.0 11.0 10.7 10.6 10.2
8000 9.8 9.8 9.6 9.5 9.2
10000 9.5 9.5 9.3 9.2 9.1
Pressure Drop
(in. H20 ) 0 . 00 0.11 0 . 3 0 0 . 69 1.27
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Table 3 Silencer Model G (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000 1500 2000
50 4.9 5.1 4.3 5.6 5.7
63 6.0 5.3 4.1 3.9 4.7
80 7.5 6.9 6.9 6.4 6.6
100 5.5 5.2 6.4 5.8 5.4
125 6.2 5.4 6.1 5.1 5.5
160 6.5 6.1 6.4 5.9 5.9
200 8.2 7.8 7.7 7.9 7.1
250 11.4 11.2 11.1 11.3 10.5
315 14.4 14.1 14.1 14.3 13.7
400 18.8 18.4 18.3 18.0 17.4
500 17.5 17.7 17.5 17.1 16.6
630 19.4 19.3 19.2 19.3 18.4
800 23.3 23.2 22.9 23.2 22.6
1000 27.2 26.9 26.9 26.6 26.5
1250 37.5 37.0 37.1 37.1 36.4
1600 40.2 40.0 39.9 39.7 39.6
2000 40.2 40.6 40.8 41.3 41.4
2500 32.0 32.5 32.8 33.2 33.4
3150 24.9 25.3 25.4 25.8 26.2
4000 20.2 20.5 20.7 21.1 21.4
5000 19.1 19.6 19.6 20.0 20.2
6300 19.4 19.8 19.8 20.2 20.5
8000 17.6 17.9 17.8 18.2 18.4
10000 17.6 17.6 17.2 17.3 17.4
Pressure Drop
(in. H20) 0.00 0.04 0.09 0.20 0.34
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Table 4 Silencer Model G (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000 1500 2000
50 4.4 4.5 4.5 3.8 2.8
63 6.7 5.5 5.2 4.7 4.9
80 7.4 8.0 7.9 8.4 8.3
100 5.7 5.7 6.7 8.0 7.6
125 5.9 5.4 5.9 5.8 7.3
160 6.0 6.4 6.4 7.2 7.9
200 7.8 8.8 9.1 9.9 10.1
250 11.5 11.8 12.2 12.7 13.2
315 15.3 16.0 16.1 16.7 17.4
400 19.1 19.3 19.3 20.0 20.4
500 17.9 18.3 18.9 19.4 20.0
630 19.6 20.2 20.2 20.9 21.5
800 23.5 23.8 24.2 24.5 25.6
1000 28.2 28.8 29.3 29.6 30.2
1250 37.6 37.7 38.0 38.2 38.4
1600 40.4 40.5 40.7 40.8 41.3
2000 39.8 39.2 39.3 38.8 38.1
2500 32.7 32.1 32.0 31.5 31.1
3150 25.7 25.5 25.4 25.0 24.9
4000 21.4 21.1 21.1 20.9 20.8
5000 20.2 20.4 20.3 20.1 19.7
6300 19.4 18.5 19.5 19.0 18.8
8000 18.0 18.3 18.6 17.9 17.4
10000 17.4 17.6 17.7 16.8 16.2
Pressure Drop 
(in. HzO) 0.00 0.04 0.08 0.18 0.33
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Table 5 Silencer Model H (forward air flow)
Frequency
(Hz)
Insertion Loss (dB) at Flow Velocity 
0 500 1000 1500
(fpm)
2000
50 10.9 10.9 8.6 7.3 7.2
63 13.8 12.2 10.4 8.4 7.0
80 12.2 11.6 11.7 10.3 9.2
100 9.9 9.9 10.3 10.1 9.4
125 17.2 16.1 15.8 14.9 14.1
160 19.9 19.2 19.3 18.0 17.1
200 26.1 24.4 23.5 22.5 20.8
250 29.8 28.1 27.1 26.5 24. 6
315 31.4 29.6 28.5 27.5 26.1
400 38.0 35.8 35.0 33.3 32.4
500 42.9 41.4 39.9 38.6 37.3
630 40.7 39.0 37.6 36.9 35. 3
800 45.8 44.5 43.2 41.8 40.4
1000 50.4 50.0 49.5 47.7 ((46.3))
1250 46.2 45.5 46.1 44.8 43.0
1600 45.7 45.4 45.9 46.2 ((45.7))
2000 40.6 41.1 40.7 42.8 ((43.8))
2500 36.0 36.9 37.2 37.8 39.7
3150 28.1 29.2 29.8 30.0 31.0
4000 24.1 24.7 25.6 26.4 26.4
5000 23.8 24.5 25.0 25.7 26.2
6300 22.6 22.9 23.5 24.0 24.8
8000 20.9 21=3 21.9 22.5 23.3
10000 20.3 20.5 21.1 21.7 22.3
Pressure Drop
(in. H20) 0.00 0.33 0.76 1.76 3.23
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Table 6 Silencer Model H (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(HZ) 0 500 1000 1500 2000
50 8.3 10.4 9.4 9.3 9.0
63 11.5 13.1 11.5 13.0 12.2
80 13.7 14.3 13.6 15.5 15.3
100 11.3 11.5 11.9 14.1 14.1
125 16.7 16.5 17.3 17.9 17.9
160 20.3 21.0 21.2 21.9 21.8
200 25.7 27.2 27.9 29.5 29.6
250 30.0 30.9 32.4 33.8 35.5
315 33.3 35.1 35.8 37.8 40.2
400 39.2 41.2 42.5 45.1 ((46.8))
500 45.1 47.7 48.7 ((52.5)) ((53.6))
630 43.3 45.6 46.6 ((50.3)) ((50.2))
800 46.8 48.8 ((51.5)) ((58.4)) ((57.5))
1000 51.2 51.6 ((53.2)) ((56.8)) ((41.0))
1250 46.0 47.3 ((49.1)) ((50.6)) ((53.2))
1600 46.4 46.9 ((47.9)) ((54.2)) ((48.8))
2000 36.5 37.6 ((37.9)) ((44.2)) ((43.4))
2500 36.0 35.9 33.5 32.4 34.0
3150 29.9 28.3 25.4 24.2 25.8
4000 25.6 22.8 21.1 20.4 21.6
5000 24.9 21.5 19.9 20.3 21.1
6300 23.1 21.1 19.4 20.2 20.5
8000 21.5 18.5 17.2 19.0 19.3
10000 20.6 17.0 15.7 17.9 18.1
Pressure Drop 
(in. H20) 0.00 0.31 0.79 1.92 3.38
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Table 7 Silencer Model D (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(HZ) 0 500 1000 1500 2000
50 3.8 2.8 4.2 4.2 3.2
63 3.1 4.3 4.3 3.1 3.2
80 6.3 5.7 5.2 4.5 4.3
100 7.0 7.5 6.7 7.0 5.9
125 15.5 15.6 14.1 13.4 11.9
160 20.5 19.5 19.2 18.2 16.1
200 31.6 28.9 27.5 25.2 23.5
250 37.4 35.1 33.0 30.7 29.4
315 37.8 37.1 35.6 34.5 33.5
400 44.6 43.6 43.2 42.4 40.8
500 47.9 47.0 46.2 45.3 43.7
630 52.6 51.8 51.0 50.0 48.9
800 59.7 59.7 59.8 60.3 ((58.4)
1000 59.4 59.8 59.3 60.3 ((60.2)
1250 62.9 63.2 62.1 ((61.6)) ((61.3)
1600 60.6 60.9 59.7 ((54.0)) ((61.9)
2000 59.4 59.7 58.6 ((50.7)) ((55.9)
2500 58.1 58.1 58.3 ((59.5)) ((57.2)
3150 55.7 56.2 56.3 57.0 ((56.1)
4000 48.8 49.8 50.7 51.9 ((52.1)
5000 42.1 43.6 44.6 46.1 47.2
6300 33.7 35.2 36.4 38.0 40.0
8000 28.2 29.6 30.8 32.6 34.5
10000 25.6 27.2 28.1 29.9 32.0
Pressure Drop
(in. H20) 0.00 0.11 0.31 0.78 1.37
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Table 8 Silencer Model D (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000 1500 2000
50 4.0 5.3 6.5 4.0 5.8
63 2.7 3.8 5.2 4.3 4.3
80 6.7 7.2 8.0 6.3 6.9
100 7.8 8.9 10.1 9.6 9.7
125 18.4 18.7 19.0 19.0 20.1
160 22.8 22.9 24.2 24.6 25.2
200 29.3 33.6 37.5 39.3 37.6
250 38.9 40.6 40.8 41.6 43.6
315 37.8 38.9 39.1 39.1 40.5
400 47.8 48.6 48.9 48.7 ((49.3))
500 50.7 52.3 54.1 ((55.0)) ((56.0))
630 53.4 53.8 ((54.6)) ((54.3)) ((60.2))
800 57.9 56.9 ((58.3)) ((57.2)) ((58.2))
1000 57.6 57.1 ((59.1)) ((57.0)) ((57.0))
1250 60.6 59.7 ((49.7)) ((60.2)) ((46.2))
1600 59.8 58.3 ((56.1)) ((61.8)) ((41.7))
2000 60.1 58.0 ((48.2)) ((55.2)) ((53.1))
2500 59.8 59.5 ((51.6)) ((38.4)) ((37.4))
3150 56.4 56.2 ((51.9)) ((34.7)) ((33.3))
4000 51.2 50.7 50.4 ((48.5)) ((49.8))
5000 45.8 44.6 44.2 42.9 ((41.9))
6300 37.3 36.4 36.1 34.6 33.0
8000 30.9 31.0 30.6 28.5 26.9
10000 28.1 28.0 27.2 25.1 23.8
Pressure Drop 
(in. H20) 0.00 0.10 0.30 0.71 1.31
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Table 9 Silencer Model F (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpirt)
(HZ) 0 500 1000 1500 2000
50 14.0 16.7 16.6 17.1 11.3
63 13.8 13.7 11.1 11.9 11.5
80 5.8 7.0 7.3 6.2 5.6
100 3.8 5.3 6.2 5.8 5.5
125 8.0 9.2 12.0 13.1 12.5
160 8.0 9.9 13.1 14.9 15.3
200 12.4 14.0 18.7 21.4 22.6
250 17.3 19.2 23.8 27.7 29.4
315 15.3 16.6 18.9 20.6 21.6
400 16.1 17.7 21.0 25.1 27.6
500 29.6 30.5 34.6 38.8 40.8
630 22.5 23.2 25.7 28.9 30.7
800 34.6 34.8 36.4 39.1 40.8
1000 36.7 37.0 38.9 41.8 44.1
1250 30.6 30.2 33.3 39.3 42.8
1600 20.8 20.6 22.8 30.6 37. 0
2000 22.7 22.9 23.3 26.3 29.7
2500 21.5 22.2 22.5 24.6 28.0
3150 18.8 19.6 20.1 21.0 23.9
4000 16.5 17.5 17.8 17.7 18.8
5000 19.2 20.0 20.2 19.5 18.8
6300 19.6 20.5 21.0 20.7 19.4
8000 18.1 18.8 19.2 19.4 18.6
10000 17.9 18.2 18.5 18.6 18.3
Pressure Drop 
(in. H20) 0.00 0.17 0.45 1.01 1.78
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Table 10 Silencer Model F (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000 1500 2000
50 12.6 14.2 15.8 17.5 15.8
63 12.0 11.2 14.2 15.6 17.0
80 6.9 9.3 10.9 13.1 12.4
100 5.0 8.1 9.7 12.0 12.5
125 8.7 12.5 15.8 17.8 22.0
160 8.3 12.5 17.7 21.7 25.2
200 12.7 17.6 22.4 29.0 33.4
250 17.2 22.3 27.3 32.6 36.6
315 12.5 14.6 17.2 20.4 23.5
400 15.6 17.9 22.2 27.0 30.8
500 29.7 31.8 36.4 41.8 ((44.9))
630 23.6 24.7 27.9 31.1 34.0
800 32.1 32.9 34.6 37.5 39.9
1000 34.2 34.7 37.2 40.2 ((43.1))
1250 31.3 31.6 35.3 40.9 ((43.7))
1600 23.5 24.0 27.3 36.3 ((43.3))
2000 24.0 23.9 24.1 27.5 31.8
2500 23.1 22.4 22.0 23.1 26.0
3150 19.7 18.6 18.3 18.0 18.6
4000 17.8 16.7 16.7 16.0 15.4
5000 19.7 17.6 16.9 15.4 14.3
6300 20.2 18.3 17.3 15.8 14.4
8000 18.0 16.5 15.5 14.0 13.2
10000 17.6 15.8 14.4 12.8 12.3
Pressure Drop 
(in. H20) 0.00 0.17 0.47 0.99 1.73
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APPENDIX F
1/3 Octave Band Regenerated Sound Power Tables
Note: Regenerated sound power data in parenthesis signifies
that the corresponding sound power level data has reached 
ambient levels in the test room.
Table 1 Silencer Model E (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 500 1000 1500 2000
50 (52.6) (49.7) 60.3 79.2
63 (45.3) 43.4 56.1 62.4
80 43.4 44.8 53.7 60.1
100 (36.5) 41.0 48.1 50.8
125 (39.4) (40.6) 47.6 53.7
160 (37.1) 42.2 49.8 55.4
200 35.6 40.7 49.5 55.3
250 30.1 37.3 46.7 53.6
315 29.3 36.3 44.5 50.2
400 28.5 36.7 44.0 49.8
500 29.7 35.8 43.3 49.3
630 32.1 36.6 43.7 49.2
800 37.1 38.9 43.5 48.8
1000 46.2 43.4 45.4 49.4
1250 42.6 47.7 48.4 50.8
1600 41.0 56.0 51.5 53.1
2000 40.9 55.7 54.6 55.8
2500 41.7 54.5 60.4 62.0
3150 39.3 53.8 63.5 65.5
4000 34.5 51.7 63.4 68.2
5000 27.8 47.9 60.9 67.8
6300 (22.0) 44.5 59.1 67.3
8000 (20.5) 40.6 57.2 66.1
10000 (26.2) 35.3 55.0 65.3
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Table 2 Silencer Model E (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 500 1000 1500 2000
50 (48.1) 54.7 59.4 64.5
63 (41.4) 48.7 53.7 58.9
80 (43.1) 47.6 49.7 56.6
100 (36.5) 43.3 47.4 51.8
125 45.0 46.2 49.0 53.2
160 (35.3) 41.9 47.5 54.4
200 33.2 41.1 47.5 52.8
250 30.0 38.7 45.2 50.4
315 30.5 38.6 43.8 49.4
400 32.2 39.6 47.7 50.2
500 35.7 41.5 47.7 50.7
630 39.2 43.3 47.3 51.8
800 47.8 46.7 49.0 52.5
1000 51.2 53.2 53.1 55.4
1250 47.9 55.6 54.4 56.2
1600 44.3 57.2 56.2 57.9
2000 42.6 58.0 58.7 59.8
2500 43.0 58.7 64.3 65.3
3150 39.2 57.4 67.0 68.6
4000 33.9 55.2 65.9 70.1
5000 24.3 50.0 62.5 69.3
6300 (16.9) 45.8 60.9 68.5
8000 (19.9) 40.4 57.6 66.7
10000 (25.7) (33.9) 53.6 64.0
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Table 3 Silencer Model G (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 500 1000 1500 2000
50 (47.4) (48.4) 52.1 59.9
63 (39.7) (40.3) 46.2 53.0
80 (38.0) (38.0) 44.5 51.7
100 (34.9) (34.8) 38.4 45.2
125 (38.3) (38.6) (41.6) 45.1
160 (34.2) (29.1) 35.8 42.5
200 (27.6) (28.0) 33.4 40.7
250 (22.0) (23.2) 30.6 37.8
315 (18.5) 20.9 28.6 36.0
400 20.2 21.0 28.5 35.2
500 (22.2) (20.2) 28.3 34.6
630 (17.3) 19.1 26.8 34.1
800 (9.4) 22.8 26.0 33.1
1000 (7.9) 22.7 32.8 33.7
1250 (6.6) 20.7 34.3 37.8
1600 (6.0) 15.9 33.6 41.0
2000 (5.9) (11.9) 31.9 41.2
2500 (9.8) (11.5) 31.6 43.2
3150 (11.8) (12.5) 28.4 41.1
4000 (11.9) (12.3) 26.1 38.0
5000 (12.1) (12.2) 21.9 34.3
6300 (15.2) (15.1) (18.0) 32.1
8000 (19.5) (19.4) (20.9) 29.5
10000 (25.6) (25.5) (26.6) (28.5)
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Table 4 Silencer Model G (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 500 1000 1500 2000
50 (52.7) (48.0) 52.0 60.7
63 49.8 (41.6) 46.0 53.5
80 49.1 (39.9) 45.4 52.4
100 (36.3) (35.4) 39.6 46.1
125 (38.7) (38.5) 41.5 45.7
160 (34.4) (30.8) 40.5 43.9
200 (31.3) 32.7 39.9 45.8
250 (27.8) 26.5 37.5 44.4
315 (20.8) 29.2 38.1 42.2
400 (22.0) 26.6 39.3 46.2
500 25.4 33.9 41.0 46.9
630 24.5 36.2 41.8 47.0
800 22.1 37.9 43.6 47.5
1000 19.7 39.1 47.6 51.9
1250 14.9 37.2 49.3 54.9
1600 (8.1) 33.6 47.2 54.6
2000 (6.7) 37.9 43.8 53.4
2500 (9.3) 36.2 43.7 54.6
3150 (10.2) 22.4 39.4 52.2
4000 (11.7) (14.5) 35.8 48.0
5000 (12.6) (13.1) 30.7 43.0
6300 (15.9) (15.8) 25.7 40.3
8000 (20.2) (20.1) (21.0) 37.1
10000 (26.4) (26.2) (25.5) (29.9)
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Table 5 Silencer Model H (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 500 1000 1500 2000
50 (48.8) 58.8 67.4 75.4
63 (44.8) 54.0 60.7 71.0
80 43.7 53.0 60.0 64.9
100 37.0 47.5 53.5 58.5
125 (40.7) (45.9) 55.6 63.5
160 40.9 47.9 56.8 64.8
200 38.6 47.1 55.4 62.6
250 34.8 44.0 53.6 59.9
315 32.9 41.3 51.7 58.5
400 32.8 40.8 50.5 58.3
500 31.5 39.8 49.1 57.2
630 30.2 38.8 49.2 56.0
800 29.0 36.9 47.4 54.7
1000 30.9 36.9 48.1 55.1
1250 31.6 38.5 47.1 55.5
1600 30.4 40.9 48.1 56.0
2000 28.6 42.1 49.6 59.2
2500 28.6 44.5 54.1 60.5
3150 25.4 42.7 55.6 62.3
4000 22.9 40.0 57.5 60.8
5000 (14.5) 36.3 52.0 59.0
6300 (15.4) 34.3 49.3 57.8
8000 (19.1) 31.4 49.1 58.0
10000 (25.1) (26.8) 48.6
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Table 6 Silencer Model H (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 500 1000 1500 2000
50 (48.1) 55.1 64.0 67.8
63 (46.6) 50.6 57.1 63.4
80 46.2 50.6 56.1 59.5
100 (40.3) 46.5 53.3 56.1
125 (39.4) 46.4 54.1 56.7
160 39.8 47.6 56.0 59.0
200 37.9 46.9 55.5 59.3
250 34.5 44.9 53.3 57.7
315 34.2 43.5 51.9 56.1
400 36.7 45.3 52.2 56.5
500 41.3 46.7 52.7 56.7
630 43.6 48.2 53.3 57.3
800 44.2 50.8 53.7 57.8
1000 41.8 54.1 55.0 59.0
1250 38.1 56.4 56.6 59.4
1600 36.0 57.7 58.6 60.8
2000 31.9 56.2 60.6 61.2
2500 30.3 54.6 65.4 65.0
3150 26.7 51.1 66.2 67.3
4000 22.0 46.3 63.4 68. 3
5000 (14.1) 41.9 57.9 66.0
6300 (15.6) 39.3 53.8 63.4
8000 (19.5) 36.4 51.9 59.6
10000 (25.6) (29.1) 50.4 58.2
194
Table 7 Silencer Model D (forward air flow)
—  —  —  —  _  —  —  —  —  —  —  — —  —  —  —  —  — -  —  —  —  —  —  —  — — -  —  —  —  _ _ _ _ _ _
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 500 1000 1500 2000
50 (52.3) 56.8 63.3 69.4
63 (41.9) 44.4 57.2 63.3
80 44.5 46.8 53.7 59.7
100 37.1 41.7 47.7 50.8
125 (38.7) (40.1) (44.0) 53.5
160 (34.6) 39.9 49.1 55.2
200 32.8 37.2 47.3 53.8
250 (23.5) 33.6 44.1 51.4
315 (19.5) 32.3 42.0 43.0
400 25.2 33.4 41.4 45.6
500 (25.8) 31.2 40.3 46.5
630 21.7 29.4 39.9 45.8
800 16.8 31.3 39.0 44.7
1000 (12.0) 30.7 39.4 44.8
1250 (7.9) 30.5 40.4 45.1
1600 (6.3) 28.6 42.0 46.7
2000 (5.6) 24.3 40.8 47.0
2500 (8.8) 24.2 42.8 49.7
3150 (10.9) 22.3 40.8 49.2
4000 (11.7) 19.3 37.8 48.2
5000 (11.9) (14.1) 35.2 44.8
6300 (14.9) (16.0) 34.9 44.2
8000 (19.2) (19.5) 33.9 43.9
10000 (25.4) (25.4) (29.2) 43.6
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Table 8 Silencer Model D (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpxn) 
(Hz) 500 1000 1500 2000
50 (48.3) (48.7) 57.3 65.2
63 (41.3) (43.0) 53.0 59.8
80 (43.7) 45.8 50.4 58.0
100 (35.9) (37.0) 46.3 53.0
125 (36.6) (38.0) 43.0 52.4
160 (35.7) 43.2 47.3 53.6
200 35.6 43.1 46.8 52.2
250 31.2 40.8 44.5 50.2
315 32.7 41.1 44.3 48.7
400 34.6 42.1 48.4 50.7
500 37.3 44.9 48.1 52.4
630 37.6 45.7 48.7 53.6
800 37.3 46.5 48.4 53.7
1000 37.0 48.3 49.2 54.6
1250 36.1 51.6 49.8 54.5
1600 33.4 53.3 50.3 54.0
2000 28.3 49.9 52.1 54.0
2500 27.1 50.6 58.4 59.1
3150 23.8 47.0 60.5 61.8
4000 (18.1) 41.6 58.1 62.8
5000 (13.0) 38.0 52.8 61.6
6300 (15.2) 35.5 49.8 59.0
8000 (19.2) 32.0 48.7 56.5
10000 (25.4) (27.5) 47.5 56.3
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Table 9 Silencer Model F (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 500 1000 1500 2000
50 (47.7) 56.1 61.7 70.0
63 (41.2) 45.1 56.8 63.2
80 (38.9) 46.7 55.9 59.5
100 (35.7) 42.5 48.9 52.6
125 (39.9) (41.6) 50.3 56.7
160 37.3 43.5 51.9 58.6
200 34.8 41.7 52.0 56.8
250 28.6 38.4 48.4 55.1
315 27.9 36.7 45.8 52.4
400 28.3 36.8 44.5 51. 3
500 28.6 36.7 44.2 50.2
630 28.7 36.3 44.2 50.1
800 28.4 37.9 43.3 48.9
1000 31.8 41.5 45.7 49.7
1250 31.3 43.1 48.5 50.9
1600 31.6 50.6 49.8 53.0
2000 30.8 54.1 51.9 54.9
2500 32.4 49.6 58.1 59.9
3150 28.6 48.0 61.4 63.1
4000 23.0 45.1 59.1 65.7
5000 (13.7) 40.0 55.8 64.9
6300 (15.7) 35.4 52.8 63.5
8000 (19.9) 30.8 50.5 61.5
10000 (26.1) (27.1) 48.8 60.4
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Table 10 Silencer Model F (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 500 1000 1500 2000
50 (47.6) 53.5 60.6 64.9
63 (45.2) 46.7 55.2 60.2
80 (43.7) 47.3 52.8 58.6
100 (36.6) 41.5 48.9 53.7
125 (37.9) (41.3) 51.5 55.5
160 (36.4) 46.6 54.6 59.2
200 34.3 46.1 53.9 59.4
250 32.0 43.4 51.4 57.4
315 32.9 43.9 51.0 56.9
400 34.6 46.7 53.4 58.8
500 37.3 47.3 54.9 59.3
630 38.4 46.5 54.3 59.0
800 42.0 47.4 53.7 59.3
1000 48.7 52.0 55.7 60.8
1250 48.3 53.3 55.9 59.6
1600 45.3 55.9 56.8 59.4
2000 43.5 59.5 58.7 60.6
2500 43.3 60.5 64.3 65.2
3150 39.7 58.9 68.4 67.7
4000 34.8 56.3 67.6 69.5
5000 26.7 52.0 64.1 70.2
6300 (17.8) 48.5 62.6 70.4
8000 (20.2) 43.6 59.9 68.8
10000 (26.1) 38.1 56.8 67.0
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APPENDIX G
ETL Testing Laboratories Insertion Loss 
and Pressure Drop Results
Note: Sound power level data in parenthesis has reached
ambient levels in the test room or is determined by instrument 
limitations. Actual levels are less than or equal to the 
levels indicated.
Table 1 ETL Silencer Model E (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 1000 1500 2000
100 1.0 2.0 2.0 2.0
125 1.0 3.0 3.0 4.0
160 2.0 5.0 6.0 6.0
200 4.0 8.0 9.0 10.0
250 6.0 11.0 12.0 12.0
315 9.0 14.0 15.0 15.0
400 9.0 13.0 15.0 15.0
500 20.0 22.0 23.0 24.0
630 22.0 22.0 23.0 23.0
800 26.0 26.0 26.0 26.0
1000 20.0 26.0 30.0 32.0
1250 16.0 20.0 26.0 30.0
1600 13.0 15.0 19.0 21.0
2000 11.0 12.0 13.0 15.0
2500 11.0 12.0 13.0 14.0
3150 11.0 12.0 12.0 14.0
4000 10.0 12.0 11.0 13.0
5000 10.0 10.0 10.0 10.0
6300 9.0 10.0 10.0 10.0
8000 9.0 9.0 9.0 9.0
10000 8.0 8.0 8.0 8.0
Pressure Drop
(in. H20) 0.00 0.32 0.73 1.28
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Table 2 ETL Silencer Model E (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 1000 1500 2000
100 2.0 4.0 5.0 6.0
125 1.0 6.0 7.0 7.0
160 3.0 8.0 10.0 11.0
200 3.0 10.0 12.0 14.0
250 6.0 13.0 16.0 18.0
315 9.0 15.0 17.0 19.0
400 9.0 14.0 16.0 18.0
500 19.0 22.0 25.0 27.0
630 21.0 23.0 25.0 25.0
800 25.0 26.0 27.0 28.0
1000 21.0 27.0 29.0 31.0
1250 16.0 20.0 26.0 29.0
1600 14.0 15.0 19.0 22.0
2000 12.0 12.0 14.0 15.0
2500 11.0 10.0 11.0 13.0
3150 11.0 10.0 10.0 10.0
4000 10.0 9.0 9.0 9.0
5000 10.0 9.0 9.0 8.0
6300 10.0 9.0 9.0 9.0
8000 9.0 8.0 8.0 9.0
10000 9.0 9.0 8.0 9.0
Pressure Drop 
(in. H20) 0.00 0.32 0.73 1.28
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Table 3 ETL Silencer Model G (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 1000 2000
100 4.0 4.0 4.0
125 5.0 4.0 4.0
160 7.0 7.0 6.0
200 9.0 8.0 8.0
250 11.0 11.0 11.0
315 15.0 14.0 14.0
400 19.0 19.0 18.0
500 19.0 19.0 19.0
630 20.0 20.0 19.0
800 23.0 23.0 23.0
1000 26.0 26.0 25.0
1250 32.0 31.0 30.0
1600 42.0 41.0 40.0
2000 43.0 43.0 44.0
2500 29.0 30.0 31.0
3150 22.0 23.0 24.0
4000 16.0 17.0 19.0
5000 14.0 15.0 16.0
6300 12.0 13.0 14.0
8000 10.0 12.0 12.0
10000 10.0 12.0 12.0
Pressure Drop
(in. H20) 0.00 0.09 0.34
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Table 4 ETL Silencer Model G (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 1000 1500 2000
100 4.0 6.0 6.0 6.0
125 5.0 5.0 5.0 6.0
160 6.0 8.0 8.0 9.0
200 8.0 9.0 9.0 10.0
250 11.0 12.0 13.0 13.0
315 14.0 15.0 15.0 16.0
400 19.0 20.0 20.0 20.0
500 19.0 20.0 20.0 20.0
630 20.0 21.0 21.0 21.0
800 23.0 24.0 24.0 25.0
1000 27.0 28.0 28.0 28.0
1250 32.0 33.0 33.0 34.0
1600 41.0 40.0 40.0 (39.0)
2000 41.0 40.0 39.0 37.0
2500 29.0 28.0 27.0 26. 0
3150 22.0 21.0 20.0 19.0
4000 17.0 15.0 15.0 14. 0
5000 14.0 13.0 12.0 12. 0
6300 12.0 11.0 11.0 11.0
8000 11.0 10.0 10.0 10.0
10000 11.0 10.0 10.0 10.0
Pressure Drop 
(in. HzO) 0.00 0.09 0.34 0.53
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Table 5 ETL Silencer Model H (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000 1500
100 11.0 11.0 11.0 11.0
125 11.0 12.0 11.0 11.0
160 19.0 18.0 18.0 17.0
200 25.0 24.0 24.0 23.0
250 27.0 27.0 26.0 25.0
315 31.0 31.0 30.0 30.0
400 37.0 38.0 38.0 36.0
500 44.0 44.0 42.0 41.0
630 49.0 49.0 48.0 (46.0)
800 48.0 46.0 45.0 43.0
1000 47.0 45.0 45.0 42.0
1250 47.0 46.0 46.0 45.0
1600 46.0 46.0 46.0 46.0
2000 39.0 40.0 39.0 41.0
2500 34.0 35.0 35.0 36.0
3150 28.0 28.0 28.0 28.0
4000 26.0 26.0 27.0 28.0
5000 21.0 21.0 21.0 22.0
6300 21.0 21.0 21.0 21.0
8000 21.0 21.0 21.0 20.0
10000 19.0 19.0 19.0 19.0
Pressure Drop 
(in. H20) 0.00 0.24 0.96 2.15
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Table 6 ETL Silencer Model H (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000
100 11.0 12.0 13.0
125 12.0 12.0 13.0
160 18.0 19.0 19.0
200 26.0 27.0 27.0
250 29.0 31.0 32.0
315 32.0 33.0 34. 0
400 36.0 36.0 37.0
500 44.0 43.0 43.0
630 47.0 44.0 (42.0)
800 48.0 45.0 (41.0)
1000 49.0 47.0 (39.0)
1250 50.0 49.0 (37.0)
1600 47.0 47.0 (39.0)
2000 41.0 43.0 (40.0)
2500 35.0 32.0 30.0
3150 28.0 27.0 25.0
4000 22.0 21.0 20.0
5000 21.0 16.0 19.0
6300 18.0 15.0 16.0
8000 15.0 14.0 14.0
10000 13.0 13.0 14.0
Pressure Drop 
(in. H20) 0.00 0.24 0.96
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Table 7 ETL Silencer Model D (forward air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 1000 1500 2000
100 7.0 7.0 6.0 6.0
125 13.0 11.0 10.0 10.0
160 22.0 20.0 18.0 17.0
200 33.0 28.0 25.0 23.0
250 34.0 30.0 28.0 27.0
315 35.0 34.0 32.0 32.0
400 41.0 41.0 42.0 42.0
500 48.0 46.0 45.0 44.0
630 53.0 53.0 52.0 (50.0)
800 54.0 55.0 56.0 (52.0)
1000 57.0 57.0 58.0 (54.0)
1250 57.0 58.0 58.0 (54.0)
1600 60.0 60.0 60.0 (56.0)
2000 61.0 61.0 (59.0) (52.0)
2500 61.0 61.0 (58.0) (50.0)
3150 58.0 59.0 59.0 (49.0)
4000 47.0 51.0 52.0 (49.0)
5000 40.0 43.0 44.0 45.0
6300 33.0 36.0 37.0 37.0
8000 24.0 26.0 27.0 28.0
10000 21.0 23.0 25.0 26.0
Pressure Drop
(in. H20) 0.00 0.31 0.69 1.22
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Table 8 ETL Silencer Model D (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 1000 1500 2000
100 9.0 11.0 12.0 12.0
125 12.0 16.0 17.0 17.0
160 22.0 24.0 26.0 26.0
200 32.0 34.0 33.0 32.0
250 36.0 37.0 38.0 38.0
315 37.0 39.0 40.0 (39.0)
400 40.0 41.0 41.0 (39.0)
500 47.0 (47.0) (42.0) (39.0)
630 51.0 (47.0) (42.0) (38.0)
800 53.0 (48.0) (44.0) (40.0)
1000 57.0 (47.0) (44.0) (40.0)
1250 57.0 (46.0) (44.0) (41.0)
1600 60.0 (48.0) (47.0) (44.0)
2000 61.0 (46.0) (43.0) (42.0)
2500 61.0 (45.0) (39.0) (38.0)
3150 57.0 (47.0) (37.0) (35.0)
4000 49.0 44.0 (37.0) (32.0)
5000 41.0 37.0 33.0 (32.0)
6300 31.0 29.0 26.0 (23.0)
8000 23.0 20.0 19.0 19.0
10000 21.0 18.0 17.0 18.0
Pressure Drop 
(in. H20) 0.00 0.31 0.69 1.22
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Table 9 ETL Silencer Model F (forward air flow)
Frequency
(Hz)
Insertion Loss i 
0 1000
(dB) at Flow Velocity (fpm) 
1500 2000
100 0.4 7.0 8.0 8.0
125 0.4 8.0 9.0 10.0
160 0.6 10.0 14.0 15.0
200 10.0 14.0 18.0 21.0
250 16.0 20.0 24.0 27.0
315 18.0 21.0 25.0 27.0
400 15.0 17.0 21.0 25.0
500 31.0 32.0 36.0 40.0
630 29.0 29.0 30.0 33.0
800 35.0 36.0 37.0 39.0
1000 35.0 36.0 39.0 42.0
1250 31.0 31.0 34.0 42.0
1600 25.0 25.0 26.0 32.0
2000 23.0 23.0 22.0 25.0
2500 21.0 22.0 22.0 24. 0
3150 19.0 20.0 21.0 21.0
4000 17.0 18.0 19.0 19.0
5000 16.0 17.0 17.0 17.0
6300 15.0 17.0 17.0 17.0
8000 14.0 15.0 16.0 16.0
10000 13.0 14.0 15.0 15.0
Pressure Drop
(in. H20) 0.00 0.11 0.44 0.99
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Table 10 ETL Silencer Model F (reverse air flow)
Frequency Insertion Loss (dB) at Flow Velocity (fpm)
(Hz) 0 500 1000 1500
100 3.0 7.0 11.0 13.0
125 4.0 9.0 14.0 17.0
160 6.0 12.0 18.0 23.0
200 10.0 16.0 24.0 30.0
250 15.0 21.0 30.0 37.0
315 18.0 22.0 27.0 30.0
400 15.0 17.0 22.0 27.0
500 31.0 32.0 37.0 (39.0)
630 30.0 30.0 33.0 36.0
800 36.0 36.0 38.0 39.0
1000 37.0 38.0 40.0 (39.0)
1250 31. 0 32.0 35.0 38.0
1600 26.0 26.0 28.0 36.0
2000 24.0 24.0 23.0 27.0
2500 22.0 21.0 20.0 20. 0
3150 19.0 18.0 16.0 15.0
4000 18.0 17.0 14.0 12.0
5000 17.0 15.0 13.0 13.0
6300 16.0 15.0 13.0 12.0
8000 15.0 13.0 12.0 11.0
10000 15.0 14.0 12.0 12.0
Pressure Drop
(in. HzO) 0.00 0.11 0.44 0.99
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APPENDIX H
ETL Testing Laboratories Regenerated Sound Power Results
Note : Insertion loss data in parenthesis signifies that the
corresponding sound pressure level data has reached ambient 
levels in the test room.
Table 1 ETL Silencer Model E (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 1000 1500 2000
100 (43.0) 52.0 61.0
125 45.0 55.0 60.0
160 43.0 52.0 58.0
200 39.0 50.0 56.0
250 40.0 49.0 56.0
315 41.0 49.0 56.0
400 42.0 49.0 57.0
500 41.0 48.0 55.0
630 42.0 49.0 55.0
800 46.0 49.0 55.0
1000 49.0 51.0 55.0
1250 51.0 53.0 55.0
1600 56.0 57.0 58.0
2000 59.0 61.0 62.0
2500 59.0 65.0 66.0
3150 58.0 67.0 69.0
4000 58.0 69.0 74.0
5000 55.0 67.0 74.0
6300 51.0 66.0 74.0
8000 46.0 63.0 72.0
10000 42.0 60.0 70.0
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Table 2 ETL Silencer Model E (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 1000 1500 2000
100 46.0 56.0 60.0
125 47.0 53.0 58.0
160 45.0 53.0 57.0
200 44.0 52.0 58.0
250 43.0 50.0 54.0
315 45.0 52.0 57.0
400 48.0 54.0 58.0
500 49.0 54.0 58.0
630 49.0 55.0 58.0
800 52.0 56.0 59.0
1000 56.0 58.0 61.0
1250 57.0 59.0 61.0
1600 60.0 61.0 63.0
2000 63.0 65.0 66.0
2500 63.0 68.0 69.0
3150 63.0 71.0 72.0
4000 62.0 72.0 75.0
5000 58.0 70.0 76.0
6300 55.0 69.0 75.0
8000 49.0 65.0 73.0
10000 44.0 61.0 70.0
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Table 3 ETL Silencer Model G (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 1000 2000
100 (43.0) 54.0
125 41.0 51.0
160 33.0 49.0
200 (36.0) 47.0
250 (31.0) 45.0
315 28.0 45.0
400 27.0 45.0
500 27.0 43.0
630 29.0 43.0
800 31.0 42.0
1000 30.0 43.0
1250 27.0 44.0
1600 24.0 47.0
2000 20.0 48.0
2500 19.0 48.0
3150 16.0 46.0
4000 17.0 45.0
5000 (18.0) 42.0
6300 (20.0) 41.0
8000 (22.0) 38.0
10000 (26.0) 38.0
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Table 4 ETL Silencer Model G (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 1000 1500 2000
100 (38.0) 48.0 54.0
125 42.0 48.0 53.0
160 38.0 46.0 52.0
200 38.0 46.0 52.0
250 37.0 46.0 51.0
315 39.0 47.0 54.0
400 42.0 49.0 54.0
500 43.0 48.0 53.0
630 45.0 50.0 54.0
800 45.0 51.1 54.0
1000 44.0 55.0 58.0
1250 43.0 56.0 61.0
1600 40.0 54.0 62.0
2000 36.0 52.0 61.0
2500 32.0 50.0 60.0
3150 28.0 45.0 58.0
4000 26.0 43.0 55.0
5000 21.0 40.0 51.0
6300 (20.0) 36.0 48.0
8000 (22.0) 31.0 45.0
10000 (25.0) 29.0 42.0
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Table 5 ETL Silencer Model H (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 500 1000 2000
100 (43.0) 47.0 58.0
125 40.0 47.0 56.0
160 (31.0) 44.0 55.0
200 (36.0) 38.0 51.0
250 (31.0) 39.0 50.0
315 29.0 40.0 50.0
400 27.0 40.0 50.0
500 26.0 39.0 49.0
630 26.0 40.0 50.0
800 28.0 41.0 50.0
1000 30.0 42.0 51.0
1250 29.0 43.0 51.0
1600 27.0 45.0 52.0
2000 24.0 47.0 53.0
2500 21.0 48.0 56.0
3150 19.0 47.0 58.0
4000 19.0 46.0 59.0
5000 19.0 44.0 58.0
6300 (20.0) 43.0 57.0
8000 (22.0) 40.0 55.0
10000 (26.0) 39.0 55.0
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Table 6 ETL Silencer Model H (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 500 1000
100 (38.0) 45.0
125 39.0 48.0
160 35.0 46.0
200 35.0 45.0
250 36.0 44.0
315 38.0 47.0
400 42.0 49.0
500 44.0 50.0
630 47.0 53.0
800 45.0 55.0
1000 41.0 57.0
1250 39.0 60.0
1600 38.0 62.0
2000 34.0 61.0
2500 30.0 58.0
3150 27.0 55.0
4000 25.0 52.0
5000 21.0 49.0
6300 (20.0) 47.0
8000 (22.0) 44.0
10000 (25.0) 41.0
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Table 7 ETL Silencer Model D (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 1000 1500 2000
100 (43.0) 52.0 60.0
125 41.0 51.0 58.0
160 37.0 48.0 55.0
200 (36.0) 44.0 52.0
250 (31.0) 42.0 50.0
315 31.0 41.0 49.0
400 30.0 41.0 49.0
500 28.0 39.0 47.0
630 29.0 38.0 46.0
800 30.0 37.0 45.0
1000 31.0 38.0 44.0
1250 31.0 40.0 44.0
1600 30.0 42.0 46.0
2000 28.0 43.0 49.0
2500 25.0 43.0 51.0
3150 23.0 40.0 51.0
4000 24.0 40.0 51.0
5000 23.0 39.0 49.0
6300 23.0 39.0 49.0
8000 (22.0) 38.0 48.0
10000 27.0 37.0 48.0
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Table 8 ETL Silencer Model D (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 1000 1500 2000
100 44.0 51.0 56.0
125 45.0 50.0 56.0
160 44.0 49.0 54.0
200 44.0 48.0 53.0
250 42.0 47.0 51.0
315 45.0 49.0 55.0
400 46.0 51.0 55.0
500 47.0 52.0 55.0
630 48.0 53.0 57.0
800 48.0 52.0 57.0
1000 50.0 52.0 56.0
1250 51.0 53.0 56.0
1600 54.0 55.0 58.0
2000 55.0 58.0 59.0
2500 56.0 61.0 63.0
3150 53.0 63.0 65.0
4000 49.0 63.0 58.0
5000 47.0 59.0 67.0
6300 44.0 56.0 64.0
8000 41.0 55.0 61.0
10000 38.0 53.0 61.0
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Table 9 ETL Silencer Model F (forward air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(Hz) 500 1000 1500
100 (43.0) 50.0 57.0
125 42.0 48.0 55.0
160 (31.0) 43.0 53.0
200 (36.0) 37.0 51.0
250 (31.0) 36.0 47.0
315 32.0 38.0 47.0
400 34.0 40.0 46.0
500 33.0 39.0 46.0
630 34.0 41.0 47.0
800 34.0 44.0 47.0
1000 36.0 48.0 50.0
1250 34.0 48.0 53.0
1600 35.0 52.0 56.0
2000 35.0 55.0 59.0
2500 34.0 55.0 63.0
3150 29.0 53.0 64.0
4000 25.0 52.0 66.0
5000 19.0 47.0 63.0
6300 (20.0) 43.0 60.0
8000 (22.0) 38.0 57.0
10000 (26.0) 35.0 55.0
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Table 10 ETL Silencer Model F (reverse air flow)
Frequency Gen. Sound Power (dB) at Flow Velocity (fpm)
(HZ) 1000 1500 2000
100 (38.0) 46.0 53.0
125 (39.0) 45.0 52.0
160 34.0 46.0 53.0
200 34.0 45.0 51.0
250 35.0 44.0 51.0
315 36.0 46.0 52.0
400 39.0 48.0 54.0
500 40.0 48.0 55.0
630 42.0 49.0 55.0
800 46.0 51.0 55.0
1000 51.0 55.0 58.0
1250 51.0 57.0 58.0
1600 49.0 60.0 61.0
2000 49.0 64.0 64.0
2500 46.0 65.0 67.0
3150 43.0 64.0 70.0
4000 39.0 63.0 72.0
5000 32.0 60.0 71.0
6300 26.0 57.0 69.0
8000 (22.0) 51.0 66.0
10000 (25.0) 46.0 62.0
